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ENGLISH ABSTRACT 
 Chicken coccidiosis, which has a major impact on poultry 
production worldwide, is an intestinal protozoan disease. The five major 
pathogenic species are Eimeria tenella, E. necatrix, E. maxima, E. brunetti 
and E. acervulina. 
This thesis addresses the following questions on E. tenella in 4 studies. 
1) Identification and purification of Eimeria species in the infected 
chicken has important implications for diagnosis and disease management 
as well as creation of new vaccines. Therefore, the first objective of this 
study is to establish a pure line of E. tenella by using single-oocyst 
isolation technique followed by confirmation with PCR. Since, the 
application of PCR technique for detecting Eimeria DNA has been made 
difficult by the remarkable toughness of oocyst and sporocyst wall, a 
simpler method to disrupt the oocyst of E. tenella to obtain the DNA for 
molecular identification is required. 
2) Vitamins are known to be a necessary nutrient for the complete 
development of the parasite within the host. The aim of study II is to see 
whether addition of vitamin supplement in the basal diet will influence the 
oocyst production and on anticoccidial drug efficacy in chicken 
coccidiosis. 
3) Sporulated oocyst, the infective stage of E. tenella is extremely 
resistant in environment. Infection occurs from ingestion of sporulated 
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oocysts from fecal-contaminated food, water and fomites. The role of 
invertebrate in transmission of E.tenella has not been fully studied. 
Therefore, the objective of study III is to elucidate the role of cockroaches 
in the transmission of E. tenella oocysts through experimental infection. 
4) Previous study stated that low-virulence attenuated precocious 
lines of E. tenella oocysts could be obtained through serial passage of 
precocious lines in chicken, which can then be used as a vaccine. The low-
virulence attenuated precocious line vaccine must have reduced 
pathogenicity so that they do not show any clinical disease. The aim of 
study IV is to monitor the changes in biological characteristic of an 
attenuated precocious strain of E. tenella. In addition, transfection of the 
precocious line was tried out to investigate whether the transfected 
precocious line could express fluorescent protein throughout the life cycle 
for their potential use as a vaccine marker.   
Study I: Purification and molecular identification of Eimeria tenella 
A strain of E. tenella (Taiwan strain) was isolated from field 
sample by using single oocyst passage in chicken. The releasing of 
sporocysts was optimized by breaking the oocyst wall with glass beads of 
0.5 mm diameter and vortexing time of 1 min. Identification of this E. 
tenella strain was performed with multiplex PCR. To ensure the purity of 
the strain used.  
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Study II: Eimeria tenella oocyst excretion and riboflavin supplement 
in the diet of infected chicken 
To investigate the effect of riboflavin supplement in E. tenella-
infected chickens, mortality, fecal consistency, and oocysts per gram of 
feces were monitored for groups of E. tenella-infected chickens 
administered a basal diet supplement with either riboflavin, the anti-
coccidial drug amprolium, or with both compounds. It was demonstrated 
that addition of 0.8 g/kg of riboflavin to the basal diet can increase oocyst 
number in E. tenella-infected chicken, but has no effect on the efficacy of 
amprolium. 
Study III: Role of cockroach as transport host of chicken coccidiosis 
To evaluate the role of the American cockroach, Periplaneta 
americana as a transport host for E. tenella, cockroaches were orally fed 
with sporulated oocysts of E. tenella. Their feces and digestive tract were 
then examined for oocysts by sugar centrifugal flotation technique and 
PCR. Infectivity of oocysts from the digestive tract of infected cockroach 
or their feces was also evaluated by orally inoculating into chicken. E. 
tenella oocysts were found in the digestive tract and feces of cockroaches 
up to day four after ingestion of oocysts. Furthermore, oocysts that were 
recovered from the digestive tract and feces of cockroaches remained 
infective for four and three days after ingestion of oocysts, respectively. 
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Study IV: Characterization of attenuated precocious line of Eimeria 
tenella 
  The changes of biological characteristics of an attenuated 
precocious strain of E. tenella were studied. After 34 passages, the 
prepatent period of the precocious strain was reduced from 180 to 132 
hours. The peak of oocysts output of this precocious strain was 3 days 
earlier than that of the parental strain. The pathogenicity of the precocious 
strain by means of lesion score, maximum of oocysts per gram of feces 
and oocyst output was significantly reduced when compared to the parent 
isolate. However, traces of bloody feces could still be seen in chickens 
infected with the precocious strain, which is almost the same as the 
parental isolate. The changes of biological characteristics of an attenuated 
precocious strain of E. tenella were studied. After 34 passages, the 
prepatent period of the precocious strain was reduced from 180 to 132 
hours. The peak of oocysts output of this precocious strain was 3 days 
earlier than that of the parental strain. The pathogenicity of the precocious 
strain by means of lesion score, maximum of oocysts per gram of feces 
and oocyst output was significantly reduced when compared to the parent 
isolate. However, traces of bloody feces could still be seen in chickens 
infected with the precocious strain, which is almost the same as the 
parental isolate. Second-generation schizogony proceeds at a much faster 
rate in the precocious line, resulting in a predominance of mature second-
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generation of schizonts by 96 h and oocysts by 120 h after inoculation. 
The attempt of introducing fluorescent protein into the precocious line of 
E. tenella by cationic lipid-mediated transfection method was successful 
as the fluorescence was detected in unsporulated oocysts. However, as the 
oocyst continue to sporulate, the fluorescent protein could not be detected 
in the fully sporulated oocyst.   
Conclusions 
 I. We have confirmed by PCR that the coccidian strain used was E. 
tenella and glass bead of diameter 0.5 mm is the most optimum for 
disrupting oocyt wall to obtain the nucleic acid for PCR. 
 II. Addition of riboflavin at a dose of 0.8 g/kg to the basal diet 
could increase oocyst output in E. tenella-infected chickens, but has no 
effect on the efficacy of the amprolium anticoccidial drug. 
 III. Presence of oocysts in feces of chicken that had been inoculated 
with either digestive tract or feces of P. americana demonstrated the 
capacity of cockroach to spread and transmit E. tenella to chicken.        
 IV. After 34 passages of selection for the precocious strain, the 
prepatent periods was reduced from 180 to 132 hours. The maximum of 
OPG, oocyst output and lesion score were reduced but there were still 
traces of bloody feces like those seen in the parent isolate. Deletion of any 
stage of the life cycle was not confirmed but accelerated growth in second 
generation shizogony was found in the precocious line. The attempt of 
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introducing fluorescent protein into the precocious line of E. tenella was 
successful as the fluorescence was detected in unsporulated oocysts. 
However, no fluorescent protein was detected in the fully sporulated 
oocyst.   
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JAPANESE ABSTRACT 
鶏コクシジウム病は世界の養鶏産業において甚大な損害を与えている家
畜原虫病の一つである。主な病原体は Eimeria tenella、E. necatrix、E. maxima、
E. brunetti および E. acervulina の 5種で、これらの中で E. tenella の病原性が最
も強い。コクシジウム原虫の“増殖”は生き残り戦略の一つとして重要で、鶏
体内でより多くを増殖させた後、飼育環境に効率的に分散して、より多くが別
の鶏に取り込まれることで種を保存・維持する。この原虫の“増殖”および
“伝播”に関わる要因を明らかにすることは、本病の予防対策の検討と確立に
おいて重要である。本研究では E. tenella について、次の 4つの課題に取り組
んだ。1) E. tenella 株の純化を目的としたオーシスト 1個からの原虫増殖およ
び本原虫の分子生物学的な同定のための核酸抽出法の確立、2) リボフラビン
の飼料添加による E. tenella 感染鶏の排出オーシスト数および抗コクシジウム
剤の薬効への影響、3) 鶏コクシジウムの伝播におけるゴキブリの役割、4）E. 
tenella 早熟株の作成と病原性の減弱の確認およびワクチン株マーカーとしての
蛍光蛋白遺伝子の移入、である。本論文はこれらの課題に関する研究について
述べるものであり、4章から構成される。 
第 1章では、鶏コクシジウム病の病原体の分離と純化および分子生物学的識
別について述べる。すなわち、E. tenella 感染鶏の糞便から 1個のオーシスト
を分離し鶏に投与して継代を繰り返すことで純化された株を作出し、Multiplex 
PCR 法で同定した。分子生物学的操作においては、オーシストおよびスポロ
シストの壁を破砕して核酸を抽出する必要があるが、E. tenella のオーシスト壁
は強固で破壊が容易でなく、核酸抽出の手段は確立されていない。本実験で、
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オーシスト壁の破壊に最も有効な方法として 0.5 ㎜のガラスビーズを用いた約
1分間の振盪が適当であることがわかった。 
第 2章では、リボフラビンの飼料添加による E. tenella 感染鶏の排出オーシ
スト数および抗コクシジウム剤の薬効に及ぼす影響について述べる。すなわち、
実験鶏をリフラビン添加群、アンプロリウム添加群、未添加群、リボフラビン
とアンプロリウム添加群などに分け、鶏の致死率、糞の性状および糞便１グラ
ム当たりのオ-シスト数（OPG）について群間の比較を行った。結果、リボフ
ラビン添加群において、排出オーシスト数の有意な増加が認められた。さらに、
リボフラビン添加が抗コクシジウム剤の効果を妨げないことが分かった。 
第 3章では、鶏コクシジウムの伝播における昆虫類の役割について述べる。
当実験では、ワモンゴキブリ（Periplaneta americana）への E. tenella の実験感
染を行った。すなわち、E. tenella オーシストをゴキブリに摂取させた後、消化
管内および糞便内の原虫の存在を PCR 法で確認し、また、オーシストを糞便
検査で検出した。さらに回収したオーシストの鶏への感染性を調べた。結果、
ゴキブリに投与後 0 日から 4 日までオーシストが腸に停留することが分かった。
また、投与後 3日のゴキブリ糞便内のオーシストを鶏に経口投与すると感染が
成立することが実証された。以上のことから、ゴキブリが鶏コクシジウムを機
械的に伝播する可能性が示唆された。 
第 4章では、E. tenella の早熟弱毒株の作成について述べる。すなわち、感染
鶏の糞便内に最も早く排泄されたオーシストを回収し、別の鶏に経口投与した。
この、早熟オーシストを選択的に継代に用いる作業を繰り返し、継代を 34 代
行った。結果、プレパテントピリオド（prepatent period)が 180 時間から 132 時
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間に減少した早熟株が得られた。この早熟株の病原性を調べると、感染鶏のオ
ーシスト排泄期間および OPG 値は有意に減少していた。また、組織学的検索
を行ったところ、早熟株では感染後 96 時間に成熟した第 2世代のシゾントが
認められ、感染後 120 時間にはガメートとオーシストの形成が認められた。こ
れに対して、病原性の強い野生株では感染後 96 時間に未熟の第 2世代シゾン
トしか観察されず、感染後 120 時間には未熟～成熟シゾントのみがみられた。
これらの成績は、シゾント形成の段階において早熟株は野生株よりも早く発育
したことを示す。他方、この早熟株感染鶏の一部の糞便には潜血が認められた
ことから、当株の弱毒性を安定させるためにはさらに選択的継代を続ける必要
あると考えられた。また、プラスミドベクターを用いて早熟株へ蛍光蛋白遺伝
子を移入したところ、胞子未形成オーシストでは蛍光蛋白の発現が確認された
が、胞子形成オーシストでは確認されなかった。 
以上のように、本研究は、鶏コクシジウムのオーシストからの簡易的核酸抽
出法の一例を示し、また、リボフラビンの原虫増殖に対する影響およびゴキブ
リが原虫伝播にかかわる役割に関する基礎的な知見を提供した。その他に、新
規早熟弱毒株の作成とその特徴付けに成功し、早熟株へ蛍光蛋白遺伝子移入を
試みた。これらの成果は、原虫ワクチン開発の発展とコクシジウム病の制御に
貢献するものである。 
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GENERAL INTRODUCTION 
1. BACKGROUND 
 Growth of global poultry industry has been remarkable in the past 
20 years and the world’s chicken flock is estimated at approximately 21 
billion, producing 1.1 trillion eggs and approximately 90 million tons of 
meat (Tewari and Mahara, 2011; Blake and Tomley, 2014). Although 
most of the diseases of infectious origin affecting the poultry industry have 
been controlled successfully by good husbandry, chemoprophylaxis and 
vaccination, coccidiosis is still considered as the most challenging 
deterrent for poultry development (Tewari and Mahara, 2011).  
Coccidiosis, an intestinal disease caused by protozoan Eimeria 
species. Seven recognized species of Eimeria that infect chicken are E. 
tenella, E. necatrix, E. brunetti, E. maxima, E. acervulina, E. mitis, and E. 
praecox, each species develop in certain parts of the chicken digestive 
tract (site-specific) (Allen and Fetterer, 2002; Kumar et al., 2014). These 
parasites are highly prevalent and can persist for long periods in the 
environment, including in feces and litter. Moreover, intensive system of 
poultry rearing provides great opportunities for accumulation and 
transmission of the coccidia oocysts. Thus, most chicken flocks in the 
world are exposed, and many chickens become infected. (Tewari and 
Mahara, 2011; Blake and Tomley, 2014). Uncontrolled outbreaks cause 
high morbidity and mortality and if infections are only partially controlled 
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then subclinical disease is common and economically relevant because it 
causes poor performance, reduced feed intake, poor weight gain, and 
impaired feed conversion results in losses to the poultry industry (Blake 
and Tomley, 2014; Chapman and Jeffers, 2014). The global economic 
impact of coccidiosis has been estimated at more than 3 billion 
US$ annually as a result of production losses combined with costs of 
prevention and treatment, stressing the need for more efficient strategies to 
control this parasite (Dalloul and Lillehoj, 2006; Gyorke et al., 2013; 
Blake and Tomley, 2014). Therefore, both basic and applied research into 
all aspects of chicken coccidiosis is essential for improved control 
strategies.       
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2. OBJECTIVES OF THESIS 
This thesis addresses the following questions on E. tenella in 4 studies. 
I. Identification and purification of Eimeria species in the infected 
chicken has important implications for diagnosis and disease management 
as well as creation of new vaccines. Therefore, the objective of this study 
is to establish a pure line of E. tenella by using single-oocyst isolation 
technique followed by confirmation with PCR. Since, the application of 
PCR technique for detecting Eimeria DNA has been made difficult by the 
remarkable toughness of oocyst and sporocyst wall, a simpler method to 
disrupt the oocyst of E. tenella to obtain the DNA for molecular 
identification is required. 
II. Vitamins are known to be a necessary nutrient for the complete 
development of the parasite within the host. The objectives of study II are 
to investigate the effects of riboflavin supplement on oocyst output in the 
chickens experimentally infected with E. tenella, and also to investigate 
the influence of riboflavin supplement on the efficacy of amprolium, an 
anticoccidial drug.  
III. Sporulated oocyst, the infective stage of E. tenella is extremely 
resistant in environment. Infection occurs from ingestion of sporulated 
oocysts from fecal-contaminated food, water and fomites. The role of 
invertebrate in transmission of E.tenella has not been fully studied. 
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Therefore, the objective of study III is to elucidate the role of cockroaches 
in the transmission of E. tenella oocysts through experimental infection. 
IV. Previous study stated that low-virulence attenuated precocious 
lines of E. tenella oocysts could be obtained through serial passage of 
precocious lines in chicken, which can then be used as a vaccine. The low-
virulence attenuated precocious line vaccine must have reduced 
pathogenicity so that they do not show any clinical disease. The aim of 
study IV is to monitor the changes in biological characteristic of an 
attenuated precocious strain of E. tenella. In addition, transfection of the 
precocious line was tried out to investigate whether the transfected 
precocious line could express fluorescent protein throughout the life cycle 
for their potential use as a vaccine marker.   
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CHAPTER I. LITERATURE REVIEW 
1.1 Causative agents of coccidiosis 
Coccidiosis, an intestinal disease of intensively reared livestock, is 
caused by the intracellular protozoan parasites of the genus Eimeria, that 
belong to the phylum Apicomplexa, characterized by the presence of an 
assemblage of organelles within the anterior end of the invasive stages. 
This apical complex (micronemes, rhoptries, dense granules and coronoid 
and polar rings) facilitates the entry of the parasite into host cells ( Shirly 
et al., 2005; Quiroz-Castanneda and Dantan-Gonzalez, 2015). This 
phylum contains many other protozoa of medical and/or veterinary 
importance including the malarial parasites Plasmodium spp., the zoonotic 
organism Cryptosporidium parvum, Toxoplasma gondii and Sarcocystis 
and Neospora caninum, which is an important cause of abortion in cattle 
and Eimeria spp., poultry and cattle pathogens (Shirly et al., 2005). The 
damage caused by these parasites is host-specific and is based on the 
uncontrolled cycles of host cell invasion, parasite proliferation, host-lysis, 
and reinvasion (Quiroz-Castanneda and Dantan-Gonzalez, 2015). 
Infection with Eimeria spp. is transmitted by environmentally resistant 
oocysts released in the feces of infected animal and because poultry and 
livestock are often kept in large numbers in confinement pens, intestinal 
coccidiosis has become an important disease of poultry and livestock 
throughout the world (Kreier, 1993).    
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1.2 Biology of Eimeria spp. 
1.2.1. Morphology  The oocyst is the most easily accessible stage and many species are 
known only by the characters of their oocysts. These include color, size 
and shape, the surface texture, the presence or absence of a polar cap, the 
presence or absence of a micropyle and its structure, the shape of the 
sporocysts (Joyner and Long, 1974). The morphology of a typical oocyst, 
that of Eimeria, is shown in Figure 1-1. The oocysts wall is composed of 1 
or 2 layers and may be lined by a membrane. It may have a micropyle, 
which may be covered by a micropylar cap. Within the oocyst in this 
genus are 4 sporocysts, each containing 2 sporozoites. There may be a 
refractile polar granule in the oocyst. There may be an oocyst residuum in 
the oocyst and sporocyst, respectively; these are composed of material left 
over after the formation of the sporocyst and sporozoites. The sporocyst 
may have a knob, the sieda body, at one end. The sporozoites are usually 
sausage-or comma-shaped, and may contain 1 or 2 clear globules (Levine, 
1961).   
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Figure 1-1. Structure of sporulated Eimeria oocyst (Source; Levine, 1961) 
 
1.2.2. Life cycles of Eimeria spp.  Eimeria life cycle is complex consisting of two distinct stages; an 
exogenous stage occurs outside the host, and involve maturation of 
oocysts (sporogony) and an endogenous stage (schizogony and 
gametogony), that occur inside the host. Some species vary in the number 
of asexual generation and in the time required for each development stage 
(Kreier, 1993; Shirly et al., 2005; Quiroz-Castanneda and Dantan-
Gonzalez, 2015). The life cycle of Eimeria is shown in Figure 1-2. 
Ingestion of a sporulated oocyst initiates the endogenous phases of the 
Eimeria life cycle. Only sporulated oocysts, those containing fully formed 
sporozoites, are infective. Sporulated oocysts of Eimeria contain four 
sporocysts, each containing two sporozoites (Kreier, 1993). For avian 
Eimeria species, the tough oocyst wall is disrupted mechanically during 
passage through the crop or gizzard, releasing four sporulated oocyst. For 
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Eimeria that infect mammals, enzymatic digestion is likely to be more 
important as the oocyst traverses the stomach and proximal intestine. 
Exposure to digestive enzymes allows the sporizoite to escape the 
sporocyst as it passes through the intestine. The sporozoite continues to 
pass through the intestinal lumen until it attaches to and invades the 
epithelial layer. The exact site of invasion varies for each Eimeria species. 
(Kreier, 1993; Blake and Tomley, 2014). Inside the epithelial cell, the 
sporozoite rounds up into a trophozoite before undergoing schizogony 
(asexual multiple fission), resulting in the production of multiple first 
generation merozoites, which rupture and leave the host cell. Each first 
generation merozoite invades another epithelial cell prior to entering a 
second round of schizogony, leading to production of second-generation 
merozoites. One, two or more rounds of schizogony may follow. After a 
parasite species- specific finite number of schizogonies the final 
generation of merozoites differentiate into gametes as the sexual phase of 
the life cycle begins, forming macrogametocytes, which develop into 
uninucleate macrogametes, or microgametocytes which produce large 
numbers of motile, biflagellated microgametes by multiple fission. Mature 
microgametes leave the host and penetrate neighbouring cells, fertilizing 
mature macrogametes to form zygote. After fertilization the macrogamtes 
forms a resistant wall as it transforms into an oocyst, which escapes from 
the host cell into the intestinal lumen to be excreted into the environment 
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to initiate the exogenous phase. (Shirly et al., 2005; Hafez, 2008; Blake 
and Tomley, 2014; Quiroz-Castanneda and Dantan-Gonzalez, 2015). The 
unsporulated (non-infectious) oocyst undergoes sporulation in the 
environment (sporogony). Sporulation requires oxygen, moisture, and 
optimum temperature (25-30 °C) (Kreier, 1993; Hafez, 2008; Quiroz-
Castanneda and Dantan-Gonzalez, 2015). 
 This short development period, a direct life cycle and the copious 
production of sporulating oocysts attribute for the high prevalence of 
coccidiosis (Quiroz-Castanneda and Dantan-Gonzalez, 2015; Gadelhaq et 
al., 2018).  
 
 
 
 
 
 
 
 
Figure 1-2.  A generalized life cycle for parasites within the Eimeria genus. 
 (Source; Blake and Tomley 2014) 
 24
1.3 Host specificity  Eimeria species are considered to be highly host-specific, 
parasitizing a single host species or a group of highly related species such 
as a single genus (Vrba and Pakandl, 2015). It is rare for a parasite to 
occur naturally or to complete its life cycle in more than one host genus 
(Joyner and Long, 1974). There are reports of species that could cross the 
genus or family boundary. For examples, turkey E. dispersa, bovine E. 
bovis, rodent E. chinchilla or several marmotine Eimeria spp. (Vrba and 
Pakandl, 2015). Table 1-1 shows the different species of Eimeria in groups 
according to their domesticated hosts.    
 
Table 1-1 The most important farm animal and host of Eimeria species 
(Source; Ahmad et al., 2016) 
Host  Eimeria spp. 
Cattle E. bovis, E. zuernii, E. alabamensis,  
E. auburnensis, E.brasiliensis, E.bukidnonensis, E. 
canadensis,  
E. cylindrica, E. ellipsoidalis, E. pellita,  
E. subspherica, E. wyomingensis  
 
Sheep E. ovinoidalis, E. ovina, E. crandallis,  
E. ahsata, E. bakuensis, E. faurei,  
E. granulosa, E. intricata, E. pallida,  
E. parva, E. weybridgensis  
 
Goat E. arloingi, E. christenseni,  
E. ninakohlyakimovae, E. caprina,  
E. hirci, E. alijevi, E. aspheronica,  
E. caprovina, E. hirci 
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Pig E. debliecki, E. polita, E. scabra, E. spinosa, E. 
porci, E.neodebliecki, E. perminuta, E. suis  
Rabbit E. stiedae, E. flavescens, E. intestinalis  
 
Turkey E. adenoids, E. meleagrimitis, E. dispersa, E. 
meleagridis, E. gallopavonis, E. innocua, E. 
subrotunda  
 
Chicken E.acervulina, E brunetti, E. necatrix,  
E. tenella, E. maxima, E. mitis, E. praecox 
  
1.4 Coccidiosis in chicken   
1.4.1. Etiology  
Chicken coccidiosis may cause by single species or mix of seven 
species of  Eimeria, E. acervulina, E. brunetti, E. maxima, E. mitis, E. 
necatrix, E. praecox and E.tenella (Allen and Fetterer, 2002; Kumar et al., 
2014). In addition, two further species have been described, namely E. 
hagani and E. mivati, but further studies on the importance of these 
species are needed (Hafez, 2008).  
1.4.2. Site-specificity and pathogenicity    
Each species of chicken coccidiosis has a specific site in the 
gastrointestinal tract (Table 1-2). For instance, E. acervulina and E. 
praecox develop in the upper part of the small intestine, E. maxima and E. 
mitis develop in the middle part of the small intestine, E. tenella develops 
in the caeca, E brunetti develops in the lower part of the small intestine, 
and E. necatrix develop in the middle part of the small intestine and caeca 
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(Johnson and Reid, 1970; Hafez, 2008; Quiroz-Castanneda and Dantan-
Gonzalez, 2015).  
Host genetics, nutritional factors, concurrent diseases, age of the 
host, and species of Eimeria influence pathogenicity. E. maxima, E. 
brunetti, E. necatrix and E. tenella are reported as highly pathogenic 
species. E. acervulina are reported as moderate to highly pathogenic 
Species reported as low pathogenic include E. mitis and E. mivati, whereas 
E. praecox and E. hagani are considered nonpathogenic (Kreier, 1993; 
Hafez, 2008; Quiroz-Castanneda and Dantan-Gonzalez, 2015; Sharma et 
al., 2015). Infection with E. acervulina, E. maxima and E. tenella are 
diagnosed frequently in intensively reared poultry and their control is 
usually accorded a higher priority over the other species, especially in 
broiler chicken (Shirly et al., 2005; Gyorke et al., 2013; Pop et al., 2015). 
E. tenella considered as the most pathogenic of the Eimeria in chickens, 
characterized by bloody diarrhea hemorrhagic lesion development, greatly 
reduced weigh gain, high mobility and mortality in naïve chicken. 
Pathogenicity depends on the number of oocysts ingested; however, 
factors that mediate the response include the breed of host, the age, the 
strain of parasite and the degree of natural immunity (Jordan et al., 2011; 
Gyorke et al., 2013; Pop et al., 2015). 
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Table 1-2 Characteristics of Eimeria spp. infecting chicken 
(Sources: Kreier, 1993; Quiroz-Castanneda and Dantan-Gonzalez, 2015) 
Species Location Pathogenicity Gross lesion 
E. praecox Upper small 
intestine 
Non pathogenic - Watery intestinal contents 
- Mucus and mucoid casts 
E. hagani Duodenum, jejunum 
and ileum 
Non pathogenic - Petechiae and white opacities in 
the upper small intestine 
- Intestinal content may be creamy  
or watery 
E acervulina Upper small 
intestine 
Moderate-highly 
pathogenic 
- Limited enteritis causing fluid 
loss.  
- Malabsorbtion of nutrients 
E. mitis Mid-small intestine Low pathogenic - Limited enteritis causing fluid 
loss.  
- Malabsorbtion of nutrients 
E. mivati Duodenum, rectum Low pathogenic - Red petechiae and round white 
spots 
- Severe denuding of the mucosa 
E. maxima Mid-small intestine Highly pathogenic - Inflammation of the intestinal 
wall with pinpointed hemorrhages 
- Sloughing of epithelia 
E. brunetti Lower small 
intestine  
Highly pathogenic - Inflammation of the intestinal 
wall with pinpointed hemorrhages 
- Sloughing of epithelia  
E. tenella Caeca Highly pathogenic - Thickened caecal wall and bloody 
contents at the proximal end 
- Distension of caecum 
- Villi destruction causing extensive 
hemorrhage and death 
- Intestine may be balloned 
E. necatrix Mid-small intestine, 
caeca 
Highly pathogenic - Mucosa thickened and the lumen 
filled with fluid, blood and tissue 
debris 
- Lesion in dead birds are 
observable as black and white 
plaques (salt and pepper 
appearance) 
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1.4.3 Species identification of Eimeria in chicken 
Conventionally, species identification of Eimeria spp. is based on 
morphological features of the sporulated oocyst, sporulation time, pre-
patent period, characteristics of the endogenous stages in the intestinal 
mucosa and location/scoring of pathological lesions in the intestine (Fig. 
1-3). However, the procedures involved require specialist expertise and 
have limitations due to their subjective nature and overlapping 
characteristics among different species. Moreover, mixed infections can 
pose a problem for the precise determination of the intestinal site of the 
lesions (Long and Joyner, 1984; Fernandez et al., 2003; Huang et al., 
2007; Kumar et al., 2014). Alternative species-specific diagnostics are 
required to inform routine animal husbandry, veterinary intervention and 
epidemiological investigation. One such alternative is Eimeria species-
specific polymerase chain reaction (PCR) (Kumar et al., 2014). PCR 
assays have been developed that target genomic regions of one or more 
Eimeria species including the E. tenella 5S or small subunit rRNAs 
(Stucki et al., 1993; Tsuji et al., 1997), the sporozoite antigen gene 
EASZ240/160 (Molloy et al., 1998), the internal transcribed spacer-1 and 
2 (ITS-1 and ITS-2) (Schnitzler et al., 1998, 1999; Woods et al., 2000; 
Gasser et al., 2001; Lew et al., 2003; Su et al., 2003; Lien et al., 2007). In 
one of the most comprehensive studies Fernandez et al. (2003) designed 
species-specific primers for Eimeria spp. from a group of SCAR 
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(Sequence-Characterized Amplified Region) markers and used them to 
develop a multiplex PCR for the simultaneous discrimination of different 
Eimeria spp. in a single reaction. Importantly, many of these assays have 
been shown to be capable of detecting genomic DNA representing as few 
as 0.4–8 oocyst-equivalents (Fernandez et al., 2003; Haug et al., 2007), or 
as few as 10–20 oocysts (Carvalho et al., 2011; Frolich et al., 2013).  
  
1.4.4. Transmission of chicken coccidiosis        
 Eimeria parasites are transmitted among chickens by the fecal-oral 
route. Infection occurs when the host ingests food or water contaminated 
with sporulated oocysts, followed by the release of infectious sporozoites 
and invasion of the gastro-intestinal tract and begins continuous oocysts 
excretion (Belli et al., 2006; Jordan et al., 2011; Quiroz-Castanneda and 
Dantan-Gonzalez, 2015). The oocysts are extraordinary resistant to 
chemical treatment and environmental stress. In fact, oocysts remain 
viable and infectious after treatment with diluted sodium hypochlorite or 
after storage in potassium dichromate, which is the strong oxidizing agent 
and used for sporulation of oocysts or sulfuric acid (2%). This unique 
property guarantees successful disease transmission and difficulties in the 
way of disease control as well (Belli et al., 2006; Hafez, 2008; Quiroz-
Castanneda and Dantan-Gonzalez, 2015). 
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Figure 1-3.  Diagnostic characteristics of Eimeria spp. in chicken (Source; Peek, 2010) 
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1.4.5. Control of chicken coccidiosis  
Management of poultry house 
Because coccidial oocysts are ubiquitous and easily disseminated in 
the poultry house environment and have such a large reproduction 
potential, it is difficult to keep chickens coccidia free, especially under 
current intensive rearing conditions (Allen and Fetterer, 2002). Good 
husbandry such as, restricting chicken access to feces, maintaining litter 
quality, controlling house temperature, ventilation, moisture levels, and 
thorough cleaning between flocks can plays great role in limiting oocyst 
sporulation and restriction the spread of infective oocyts (Blake and 
Tomley, 2014).  
Prophylactic anticoccidial drugs 
Husbandry alone is inadequate for control and prophylactic 
anticoccidial drugs are crucial for sustainability of most production system 
(Blake and Tomley, 2014). Anticoccidial drugs have been used in broilers 
for the prevention of coccidiosis for many years (Chapman and Jeffers 
2014). Virtually all broiler chickens reared throughout the world are given 
anticoccidial drugs from the time of hatch until a few days before 
slaughter (Shirly et al., 2005). Anticoccidial drugs can be broadly divided 
into two categories: the ionophores that are produced by fermentation and 
the synthetic drugs that are produced by chemical synthesis (Chapman and 
Jeffers, 2014). Ionophores include lasalocid, monensin, narasin, 
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salinomycin, semduramicin, maduramycin, and salinomycin, which alter 
ion transport and disrupt the osmotoic balance (Tewari and Maharana, 
2011; Chapman and Jeffers 2014). Synthetic drugs include a diverse range 
of compounds with various modes of action including inhibition of 
parasite mitochondrial respiration (decoquinate, clopidol) inhibition of the 
folic acid pathway (sulphonamides), and competitive inhibition of 
thiamine uptake (amprolium) (Chapman and Jeffers, 2014). However, 
resistance to anticoccidial drugs has been recognized for decades and 
regarded as ubiquitous with wide acceptance that drugs remain effective in 
the field only because they suppress parasite growth sufficiently to allow 
birds to develop natural immunity. Moreover, restrictions on the use of 
many in-feed drugs in some countries and consumer concerns regarding 
chemical residues in food products has discouraged most attempts to 
develop new anticoccidials (Blake and Tomley, 2014). 
Vaccination 
Avian coccidia are highly immunogenic, and primary infections can 
stimulate solid immunity to homologous challenges. Therefore, it would 
seem obvious that vaccines could offer excellent alternatives to drugs as a 
means of controlling coccidiosis (Allen and Fetterer, 2002).  
Live non-attenuated (wild-type strains of Eimeria spp.) vaccines 
Non-attenuated vaccines consist of Eimeria parasites, which have 
not been modified in any way to change their pathogenicity and originate 
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from laboratory or field strains (Peek and Landman, 2011). These vaccines 
incorporate a variable number of wild type strains. For broiler-breeders up 
to eight Eimeria species are included in these products (Coccivac® D, 
Immucox® C2), whereas for use in the broiler industry the number is 
restricted up to four species (Coccivac® B, Immucox® C1). The mode of 
application is with drinking water for all the four live vaccines. Besides 
drinking water Immucox® C1 can also be applied by incorporating in an 
oral gel (Tewari and Maharana, 2011). Ingestion of too high a dose can 
cause a direct negative impact on feed conversion or even clinical 
symptoms of haemorrhagic or malabsorptive coccidiosis, whereas 
ingestion of too small a dose leaves birds unprotected against large 
numbers of recycled vaccine oocysts excreted by other flock members. 
Recognition of the risk posed by vaccinal pathogenicity prompted the 
development of live attenuated vaccines (Blake and Tomley, 2014).  
Live attenuated vaccine 
The attenuated lines of Eimeria parasites can be developed through 
repeated selection for early maturation (precociousness) (Eimeria spp. in 
Livacox® and all lines in Paracox®) or by serial passage through 
embryonated eggs (E. tenella in Livacox® vaccines) (Peek and Landman, 
2011; Tewari and Maharana, 2011). The most important features of these 
attenuated lines are reduction of prepatent period, lower reproductive 
capacity, and consequential reduction in pathogenicity. Parasite lines 
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selected through multiple rounds of in vivo passage to be capable of 
completing their life cycles 13– 33 h faster than their wild type progenitor 
retain full immunoprotective capacity while losing one, or even two, 
rounds of schizogony, making attenuated line vaccine safer than wild-type 
strain vaccines (Tewari and Maharana, 2011; Blake and Tomley, 2014). 
Live-tolerant to ionophores vaccines  
This strategy depends on co-administering anticoccidial drugs while 
the animals are vaccinated by live vaccine strain that tolerate that drug. 
Ionophores are the most widely used anticoccidial drugs for that purpose. 
They disrupt the trans-membrane ion concentration gradients required for 
the proper functioning and survival of the parasite. Ionophores act against 
the susceptible field parasites prior to the evolvement of the vaccine action, 
they also protect against coccidiosis due to species not present in the 
vaccine, and they control necrotic enteritis due to C. perfringens. Live-
tolerant to ionophores vaccines product are Nobilis® COXATM and Vac 
M® (Ahmad et al., 2016; William, 2002). 
Three live coccidiosis vaccines have been registered and sold in 
Japan. Trivalent TAMTM (Nisseiken Co., Ltd., Tokyo, Japan) contains 
precocious attenuated strains of E. acervulina, E. maxima and E. tenella. 
Monovalent NecaTM (Nisseiken Co., Ltd.) contains a precocious attenuated 
strain of E. necatrix. Pentavalent Paracox®-5 (MSD Animal Health, 
Milton Keynes, U.K.) which contains precocious attenuated strains of 
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 E. acervulina, E. maxima, E. mitis and E. tenella (Kawahara et al., 2014). 
Subunit vaccines  
A major drawback of live coccidiosis vaccines is their loss of 
infectivity with time affecting their expiry and relatively high production 
costs associated with attenuation. Therefore, the need for developing a 
protective recombinant protein based vaccines has been emphasized (Peek 
and Landman, 2011; Tewari and Maharana, 2011). Subunit vaccines are 
composed of a purified antigenic determinant that is separated from the 
virulent organism. Such vaccines can be obtained by different 
technologies and may consist of native antigens or of recombinant proteins 
expressed from DNA of various developmental stages (sporozoites, 
merozoites and gametes) of the Eimeria parasite (Peek and Landman, 
2011). To date, only CoxAbic®, a subunit vaccine prepared from E. 
maxima affinity purified gametocyte antigens (APGAs), has been 
successfully commercialized (Blake and Tomley, 2014).  
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Table 1-3. Anticcoidial vaccines developed for chicken (Sources: Williams, 2002; Shirley et al., 2005; Peek and Landman, 2011; Kawahara et al., 2014; Ahmad et al., 2016) 
Vaccine Species Attenuation Bird type Administration  route Age  of  chicks Manufacturer Country of derivation
ADVENT® Ea, Emax, Et Non-attenuated Broilers Hatchery spray, water 
or feed spray
Single dose at day old Novus International USA
Coccivac® B Ea, Emax, Emiv, Et Non-attenuated Broilers Ocular, hatchery spray, 
water or feed spray
Single dose at 1 to 14 days Schering-Plough Animal 
Health
USA
Coccivac® D Ea, Eb, Eh, Emax, 
Emiv, En, Ep, Et
Non-attenuated Breeders/layers Ocular, hatchery spray, 
water or feed spray
Single dose at 1 to 14 days Schering-Plough Animal 
Health
USA
Immucox® C1 Ea, Emax, En, Et Non-attenuated Broilers Water or gel Single dose at 1 to 14 days Vetech Laboratories Canada
Immucox® C2 Ea, Eb, Emax, En, Et Non-attenuated Breeders/layers Water or gel Single dose at 1 to 14 days Vetech Laboratories Canada
Nobilis® COXATM Ea, Emax ×2 , Et Non-attenuated (ionophore 
resistant)
Broilers Ocular, hatchery spray, 
water or feed spray
Single dose at 1 to 5 days Intervet International Natherlands
Vac M® Emax Non-attenuated (ionophore 
resistant)
Broilers Water or feed spray Single dose at day old Elanco USA
Inovocox® Ea, Emax ×2 , Et Non-attenuated Broilers In ovo injection In ovo Embrex Inc. and Pfizer USA
Eimerivac® Plus Ea, Emax, Et Attenuated Breeders/layers/broilers Oral Single dose at 5 to 25 days Guangdong Academy of 
Agricultural Science
China
Eimerivax® 3m Ea, Emax, Et Attenuated (precocious) Broilers Eye-drop application Single dose at day old Bioproperties Pty Australia
Eimerivax® 4m Ea, Emax, En, Et Attenuated (precocious) Breeders/layers/broilers Eye-drop application Single dose at day old Bioproperties Pty Australia
Hipracox® Ea, Emax, Emit, Ep, 
Et
Attenuated Broilers Drinking water Single dose at day old Laboratorios Hipra, SA Spain
Inmuner® Gel-Coc Ea, Eb, Emax, Et Attenuated Breeders/layers/broilers Oral Single dose at 1 to 5 days Vacunas Inmuner Argentina
Livacox® T Ea, Emax, Et Attenuated (precocious, except 
Et (embryo- adapted))
Broilers Hatchery spray, water 
or feed spray
Single dose at 1 to 10 days Biopharm Czech Republic
Livacox® Q Ea, En, Emax, Et Attenuated (precocious, except 
Et (embryo- adapted))
Breeders/layers Hatchery spray, water 
or feed spray
Single dose at 1 to 10 days Biopharm Czech Republic
Paracox® -5 Ea, Emax ×2 , Emit, 
Et
Attenuated (precocious) Broilers Hatchery spray, water 
or feed spray
Single dose at 1 to 3 days Schering-Plough Animal 
Health
UK
Paracox®-8 Ea, Eb, Emax ×2 , 
Emit, En, Ep, Et 
Attenuated (precocious) Breeders/layers Water or feed spray Single dose at 1 to 9 days Schering-Plough Animal 
Health
UK
Supercox® Ea, Emax, Et Attenuated (precocious: Et)  
non-attenuated (Ea and Emax)
Broilers Oral Single dose at day old Qilu Animal Pharmaceutical 
Company
China
Trivalent TAMTM Et, Ea, Emax Attenuated (precocious) Broilers Mix with feed, spray Single dose at 3 to 6 days Nisseiken Japan
Monovalent NecaTM En Attenuated (precocious) Broilers Mix with feed Single dose at 3 to 28 days Nisseiken Japan
CoxAbic® Emax Killed antigen of Emax 
gametocyes
Breeders (to protect 
hatchling)
Intramuscular First dose at 16 weeks of age, 
second dose at 18 to 20 weeks 
of age
Abic Biological 
Laboratories
Israel
 
 
Note* Ea = E. acervulina, Eb = E. brunetti, Eh = E. hagani, Emax = E. maxima, Emax ×2 = two antigenically different lines of E. maxima, Emit = E. mitis,               
Emiv = E. mivati, En = E. necatrix, Ep = E, praecox, Et = E. tenella  
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1.5 Coccidiosis in other important farm animals  
  1.5.1. Coccidiosis in cattle  
 Bovine coccidiosis is commonly a self-limiting disease; most sign 
of cattle coccidiosis is chronic or subclinical. The clinical signs are 
depending on the innate pathogenicity of different Eimeria species 
(Heidari et al., 2014). Signs of clinical coccidiosis include reduced 
appetite, reduced body weight, unthriftness, diarrhea, dysentery and 
anemia (Rehman et al., 2011). Infection with a single species of coccidia 
is rare in nature; mixed infection is common (Levine 1961). Most 
commonly prevalent species are E. bovis, E. zuernii, and E. auburnensis 
(Rehman et al., 2011). E. bovis and E. zuernii are known to be highly 
pathogenic, causing morbidity and even mortality by disturbing 
absorption mechanism (Levine 1961; Rehman et al., 2011; Hetdari et al., 
2014; Lassen et al., 2014). E. bovis is regarded as the most pathogenic 
species of coccidia in cattle, responsible for outbreaks of clinical 
coccidiosis of calves (Pyziel and Demiaszkiewicz, 2015). Nearly all cattle 
are infected with coccidia, but only a limited number of cattle suffer from 
clinical coccidiosis. The disease occurs mainly in young animals whereas 
the immune status plays a role in the protection of older animals (Reddy 
et al., 2015). Diarrhea related to this disease occurs mainly in calves. It 
ordinary occurs in calves 3 weeks to 6 months old. Infection occasionally 
occurs in calves over 6 of age or even adult animals, but they are usually 
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symptomless carriers (Levine 1961; Lassen et al., 2013; Reddy et al., 
2015). It occurs commonly in overcrowded conditions, but also occurs in 
free-ranging conditions that have congregating area, such as feed grounds 
and watering area (Reddy et al., 2015). Cattle directly fed on ground or 
grazing animals have more chances of ingestion of coccidia infection as 
compared to animals fed in feed (Rehman et al., 2011). The severity of 
clinical disease depends upon the number of oocysts ingested. If they get 
a large number, severe disease and even death may result (Levine 1961; 
Reddy et al., 2015).  
 
1.5.2. Coccidiosis in sheep and goat  
 Coccidial infection is universal in sheep and goats, and coccidiosis 
can be a significant problem in the young of both species. E. arloingi, E. 
ninakohlyakimovae, E. christenseni and E. caprina have been reported as 
pathogenic species in goats and E. ovinoidalis, E. ovina E. crandallis and 
E. ahsata are pathogenic in sheep (Engidaw et al., 2015; Khodakaram-
Tafti and Hashemnia, 2017; Mohamaden et al., 2018). Coccidia can 
infected animal all ages and usually cause no clinical sign as immunity is 
quickly acquired and maintained by continuous exposure to re-infection. 
The severity of coccidiosis is depending on both species of Eimeria and 
infection dose of oocysts (Engidaw et al., 2015). The disease is more 
serious in 4-6-month old kids and lambs and also when animals of any 
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age are kept under conditions of intensive husbandry. Stress factors such 
as weaning, inclement weather, dietary changes, traveling and regrouping 
have important roles in small ruminant coccidiosis (Khodakaram-Tafti 
and Hashemnia, 2017). Coccidiosis in sheep and goat can be diagnosed 
from a combination of history, signs, gross lesion at necropsy and 
microscopic examination of the intestinal mucosa and feces (Levine 
1961).  
 
1.5.3. Coccidiosis in pig 
  Coccidiosis is an enteric disease of swine that has considered 
being of clinical and economic importance. Although eight species of 
Eimeria have been described and are widespread in the swine population, 
it is the single Isospora species, I. suis, that typically causes clinical 
disease (Stuart and Lindsay, 1986). I. suis has been associated with the 
clinical disease seen in piglets less than two weeks of age. The disease is 
characterized by scours, variable mortality and morbidity and is 
nonresponsive to most antibacterial therapy (Stuart et al., 1982). 
Yellowish to grayish diarrhea is the major clinical sign. The feces are 
initially loose or pasty and become more fluid as the infection progresses. 
Piglets become covered with the liquid feces, causing them to stay damp 
and have a rancid odor of sour milk. Morbidity is usually high, but 
mortalities are usually moderate. Concurrent bacterial, viral, or other 
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parasitic infections may lead to extreme mortalities and complicate 
diagnosis. Neonatal piglet coccidiosis has a cosmopolitan distribution and 
is found anywhere pigs are raised in confinement (Stuart et al., 1982; 
Zimmerman et al., 2012).  
Reports of coccidiosis in swine caused by Eimeria species are rare, 
but age-segregated rearing and changes in housing have increased the risk 
for outbreaks. Experimental studies have demonstrated that inoculation of 
3-day-old, 4-week-old, and 2 to 3month-old pigs with 4–10 million 
oocysts of E. debliecki, one of the most common coccidia of swine, does 
not cause clinical disease (Lindsay et al., 1987). Reports of natural cases 
of E. spinosa-associated disease in weaned pigs suggest that this species 
can cause disease under appropriate conditions in the field (Lindsay et al., 
2002). Clinical coccidiosis can occur in finishing animals exposed to 
contaminated facilities and can occur in breeding stock that are born and 
reared in confinement and then exposed as breeding stock (Lindsay et al., 
1987; Zimmerman et al., 2012). 
 
1.5.4. Coccidiosis in rabbit  Eleven distinct Eimeria species have been identified in rabbit 
(Oryctolagus cuniculus) namely, E. stiedai, E. magna, E. irresidua, E. 
flavescens, E. piriformis, E. intestinalis, E. exigua, E. perforans, E. 
vejdovskyi, E. coecicola and E. media (Li and Ooi, 2008; Pakandl, 2009; 
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Oliveira et al., 2011; Jing et al., 2012), with 10 species colonizing the 
intestinal tract and one species (E. stiedai) infecting the biliary ducts of 
the liver (Bhat et al., 1996; Pakandl, 2009; Oliveira et al., 2011). Most of 
these Eimeria species affect the rabbit production including reduce 
growth rate and feed conversion, increased mortality and condemnation 
of affected livers in cases of hepatic coccidiosis (Bhat et al., 1996; Li et 
al., 2010; Oliveira et al., 2011; Okumu et al., 2014). Eimeria species are 
usually found in various specific regions within the intestinal tract of 
rabbits. A rabbit can be reinfected by the same or different species of the 
parasite (Li and Ooi, 2009). In natural infection, several species of the 
intestinal rabbit Eimeria often occurs mixed infection (Li et al., 2012). 
All domestic rabbits can be infected with Eimeria especially in young 
rabbit and rabbits housed in poor environmental sanitation and poor 
hygienic practices (Jing et al., 2012; Okumu et al., 2014).     
 
1.5.5. Coccidiosis in turkey  Coccidiosis in turkey (Meleagris gallopavo) is an important 
veterinary disease with a significant economic impact on the poultry 
industry (Vrba and Pakandl, 2014). Seven species of Eimeria can infect 
turkeys, among these E. meleagrimitis, E. adenoeides, E. gallopavonis, 
and E. meleagridis are considered as highly pathogenic (Kreier, 1993). 
The remaining species, E. innocua, E. dispersa, and E. subrotunda, do 
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not cause large economic losses due to their low pathogenicity (Hafez, 
2008; Milbradt et al., 2014). Age resistance to coccidiosis in turkey is a 
well-known phenomenon. Clinical disease is rare in turkeys older than 
about 8 to 10 weeks. Older birds that have been reared free from infection 
can be infected, but the response to quite large infective doses of oocysts 
is generally minimal. This resistance is practical value because it makes 
anticoccidial medication unnecessary in turkey older than about 10 weeks 
(Kreier, 1993). 
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CHAPTER II. PURIFICATION AND MOLECULAR 
IDENTIFICATION OF EIMERIA TENELLA 
 
ABSTRACT  
A strain of E. tenella (Taiwan strain) was isolated from field 
sample by using single oocyst passage in chicken. To confirm the purity 
of strain for later experimental use, PCR need to be conducted. Since, the 
application of PCR technique for detecting Eimeria DNA has been made 
difficult by the remarkable toughness of oocyst and sporocyst. Therefore, 
to break the oocyst wall and released sporocyst is an important step for 
PCR analysis. Here, the releasing of sporocysts was optimized by 
breaking the oocyst wall with glass beads of 0.5 mm diameter and 
vortexing time of 1 min. Identification of this E. tenella strain was 
performed with multiplex PCR. To ensure the purity of the strain used. 
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INTRODUCTION  
 Coccidiosis caused by intracellular protozoa parasites belonging to 
the genus Eimeria remains one of the economically most important 
diseases in the poultry production. Diagnosis of coccidiosis is based on 
comparing clinical features, gut pathology in the host, oocyst 
morphological characteristics, and prepatent period (Long and Joyner, 
1984). Natural infection by Eimeria are generally mixed with more than 
one species. Chickens are most commonly infected with E. tenella, 
 E. acervulina and E. maxima (Duffy et al., 2005; Gilbert et al., 2011; 
Remmal et al. 2011). Identification and purification of these species in 
the infected chicken has important implications for diagnosis and disease 
management, for epidemiology and biology studies as well as creation of 
new vaccines (You, 2014). Therefore, the first objective of this study is to 
establish a pure line of E. tenella by using single-oocyst isolation 
following by confirmation with PCR. Since, the application of PCR 
technique for detection of Eimeria has been made difficult by the 
remarkable toughness of oocyst and sporocyst wall. The second objective 
of this study is to find the simpler method to disrupt the oocyst of E. 
tenella to obtain the DNA for molecular identification. 
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MATERIALS AND METHODS  
Purification of E. tenella by single oocyst infection technique 
A pure strain of E. tenella was obtained by a protocol of single- 
oocyst infection described by Khalafalla and Daugschies (2010), with 
minor modification. Briefly, oocysts isolated from the field samples were 
sporulated using 2.5% potassium dichromate (K2Cr2O7) and diluted with 
distilled water to 200 oocysts per one ml. A prewarmed 1.5% agar was 
prepared from agar powder (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan) and spread over the glass slide and left for 10 min at room 
temperature to solidify (Figure 2-1A). Then 100 μl of oocyst suspension 
was spread over the agar layer and left at room temperature until the 
oocyst suspension stop floating (approximately 3-5 min). The slide was 
examined under microscope and separated single oocysts were cut from 
the slide (Figure 2-1B). The single oocyst was then orally inoculated into 
a naïve (uninfected) chicken (seven-day-old Boris Brown) for the 
collection of a large number of oocysts. The animals were fed with Pet’s 
One bird food (Cainz, Co., Ltd., Saitama, Japan) and given water ad 
libitum. Care and handling of the animal was according to regulation of 
Institutional Animal Care and Use Committee (IACCUC) of Azabu 
University. At 7.5-day post-inoculation (PI), the chickens were sacrificed 
and oocysts were isolated from the cecal contents using modified sugar 
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flotation method described previously (Li and Ooi, 2008) with a minor 
modification. Briefly, cecal contents were homogenized with mortar and 
pestle. After homogenized, cecal contents were suspended with water and 
filtered through a 100 μm stainless strainer to remove debris, then 
centrifuged at 2,500 rpm (1,610 × g) for 5 min. the pellet was then added 
into a test tube containing a salt-sugar solution (specific gravity 1.28) and 
centrifuged at 2,500 rpm (1,610 × g) for 10 min to sediment the solid and 
allow the oocysts to remain suspended at the top of the supernatant. The 
oocysts were removed from the top layer of fluid by pipette and re-
suspended in water. The oocyst suspension was washed with water 3 
times by centrifugation at 2,500 rpm (1,610 × g) for 5 min to remove the 
sugar solution. The unsporulated oocysts were further purified by adding 
to 50% sodium hypochlorite and standing for 30 min to remove the 
microbes, followed by the addition of distilled water and washed 3 times 
by centrifugation at 2,500 rpm (1,610 × g) for 5 min to remove sodium 
hypochlorite. Oocysts were incubated at 25 °C in 2.5 % potassium 
dichromate for sporulation. After sporulation, the oocysts were used for 
species identification by PCR.   
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Figure 2-1. Method used for single oocyst infection. A: agar was spread over the 
glass slide and left at room temperature to solidify. B: a small pieces of agar 
containing single oocyst used for inoculated into chickens. 
 
Oocysts disruption using different sizes of glass beads  
 A 100 μl of oocysts suspension (2.7 ×105 oocysts/ml) was added to 
900 μl of saturated salt solution. Then, the oocysts suspension was mixed 
with the equal volume of glass beads of different sizes (0.15, 0.5, 1.5 and 
2.5 mm) and vortexed for 10 s, 30 s, 1 min or 3 min, same vortex speed 
was fixed in all groups. After oocysts were vortexed all oocysts 
suspension were mixed with 5 ml saturated salt solution and count for the 
remaining of oocysts by using McMaster chamber. 
 
 
 
A B 
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PCR assay for species identification  
The species of E. tenella was identified and confirmed by PCR 
based on ITS-1 region (You, 2014). Purified oocysts were washed in PBS 
and disrupted using 0.5 mm glass beads (Figure 2-2) and vortexing for 10 
s, 30 s, 1 min and 3 min. DNA was extracted from the lysate using the 
InstaGeneTM Matrix DNA extraction kit (Bio-Rad Laboratories, Inc., 
California, United states), according to the manufacturer’s instruction. 
Multiplex PCR was performed in a final volume of 25 μl containing 100 
ng DNA template, 0.2 mM of each dNTP, 1 μM of forward primer and 
0.5 μM of each reverse primer, 0.025 U of Ex Tag polymerase (TaKaRa 
Ex Taq®, Takara Bio, Shiga, Japan), and the manufacturer’s supplied 
reaction buffer. Primer sequences, amplicon sizes, and specificity are 
listed in Table 2-1. The PCR program consisted of a denaturation step at 
95 °C for 10 min followed by 30 cycles of 98 °C for 10 s, 52.5 °C for 30 s 
and 72 °C for 1 min, and a final extension step at 72 °C for 1 min (You, 
2014). Then, 5 μl of PCR product was mixed with 1 μl of loading buffer 
and visualized in a 1.5% agarose gel by electrophoresis. The size of PCR 
products was determined by comparison with a 0.1-2 kbp gene ladder 
(Nippon Gene Co., Ltd., Toyama, Japan). DNA extracted from a 
commercial avian coccidiosis trivalent (TAM) live vaccine (Nisseiken 
Co., Ltd., Tokyo, Japan) comprising of E. tenella, E. acervulina and E. 
maxima was used as a positive control. 
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Figure 2-2 0.5 mm glass beads used for disrupting oocyst wall  
 
Table 2-1. Primers based on ITS-1 region used in the multiplex PCR for 
identification of Eimeria species (You, 2014) 
bp = base pairs 
 
RESULTS 
Purification of E. tenella by single oocyst infection followed by PCR 
assay for species identification  
 E. tenella was purified by using single oocyst passage in chickens. 
The obtained oocysts were checked by multiplex PCR for purity of E. 
tenella. DNA sample from the single oocyst infection showed the 
Primer Oligonucleotide sequence (5'-3') Amplicon 
size (bp) 
Specify 
Forward GTTGCGTAAATAGAGCCCTCT  Eimeria spp. 
Reverse ACCAATGCAGAACGCTCCAG 152 bp Eimeria maxima 
 CAAAAGGTGGCAATGATGCT 281 bp Eimeria acervulina 
 GTTCCAAGCAGCATGTAACG 554 bp Eimeria tenella 
 GATCAGTCTCATCATAATTCTCGCG 450 bp Eimeria necatrix 
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presence of only one specific amplification of DNA of E. tenella in 
infected chickens (Figure 2-3). 
 
 
 
 
 
 
 
Figure 2-3. PCR amplification of Eimeria tenella genomic DNA using 0.5 mm glass 
beads for different vortex durations.  
Lanes 1: Negative control, 2: no grinding oocysts, 3: positive control,4: sample from a 
commercial attenuated live vaccine containing oocysts of E. tenella, E. acervulina and 
E. maxima), 5-8 oocysts grinding with 0.5 mm glass beads for 10s, 30s, 1 min and 3 
min, respectively, M: molecular size marker 
 
Sizes of glass beads and oocysts disruption 
Treatment of the oocysts with 0.5 mm glass beads (Figure 2-4A, B, 
C) for 10 s caused 60% of oocysts disruption, while treatment for 1-3 min 
caused almost 100% of oocysts disruption (Figure 2-5).  
 
 
 
 
 M            1           2            3             4             5            6             7            8 
554 bp (E. tenella) 
281 bp (E. acervulina) 
152 bp (E. maxima) 
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Figure 2-4. Oocyts disruption by using 0.5 mm glass beads. A: oocysts before 
treatment. B: oocysts after 10 s vortexing. C: oocysts after 1 min vortexing.  
 
   
Figure 2-5. Size of glass beads, treatment duration and oocysts disruption. 
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DISCUSSION 
 In this study, a single oocysts infection technique has been 
successfully applied to produce a pure line of E. tenella. The purity of E. 
tenella passaged in our laboratory was confirmed base on gross lesions 
and multiplex PCR. To break the oocyst wall and released sporocyst is an 
important step for PCR analysis. Several methods for disrupting the 
oocyst wall have been described, including sonication (Stotish et al., 
1978), repeated freezing and thawing (Jinneman et al., 1998), incubation 
oocyst in sodium hypochlorite followed by osmotic shock and proteinase 
K digestion or treatment with saturated salt solution (Kaya et al., 2007; 
Tang et al., 2018) and grinding with glass beads (Haug et al., 2007). The 
use of glass beads is effective and is the most commonly used procedure. 
The grinding efficacy depends on oocysts contact with glass beads, the 
container wall and/or each other (Haug et al., 2007). Parameters involved 
in the breaking of oocyst wall include total volume of the test samples, 
mass of the oocys, mass of the glass beads, size of the oocyst, size of the 
glass bead, purity of the solution such as excluding the feces debris need 
to be further tested for optimized breakage of the oocyst wall. In this 
study we found that 0.5 mm glass beads and treatment duration at 1 min 
is the most optimum for disrupting oocysts wall to obtain the DNA from 
E. tenella for PCR. 
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CHAPTER III. EIMERIA TENELLA OOCYST EXCRETION 
AND RIBOFLAVIN SUPPLEMENT IN THE DIET OF 
INFECTED CHICKEN 
 
ABSTRACT 
  The effect of riboflavin supplement in Eimeria tenella-infected 
chickens was evaluated. Mortality, fecal consistency, and oocysts per 
gram of feces were monitored for groups of E. tenella-infected chickens 
administered a basal diet supplemented with either riboflavin, the anti-
coccidial drug amprolium, or with both compounds. The number of 
oocysts shed per chicken in the riboflavin-treated group was significantly 
higher than the positive non-treated control group. No significant 
difference in oocyst number between the amprolium-treated group and 
riboflavin plus amprolium-treated group was observed. Thus, the addition 
of 0.8 g/kg of riboflavin to the basal diet can increase oocyst number in E. 
tenella-infected chicken, but has no effect on the efficacy of amprolium
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INTRODUCTION 
Chicken coccidiosis is an intestinal protozoan disease caused by 
nine different species of Eimeria, which occurs worldwide (Tsuji et al., 
1997; Vrba et al., 2011; Aziz et al., 2016). This parasite causes a major 
impact on poultry production. The five major pathogenic species are E. 
tenella, E. necatrix ,E. maxima, E. brunetti and E. acervulina (Allen and 
Fetterer, 2002; Kawahara et al., 2014). E. tenella infection causes a 
severe disease characterized by bleeding, hemorrhagic lesion 
development, mortality, and reduced weight gain (Jordan et al., 2011).  
Coccidia damage epithelial cells of the intestine and hinder the 
absorption of nutrients or production of the vitamins indispensable for the 
chicken’s metabolism (Pellerdy, 1974). Apart from its general deleterious 
effects, the resulting hypovitaminosis also plays a role in increasing the 
severity of the clinical course of the coccidiosis (Pellerdy, 1974). 
Riboflavin, also known as vitamin B2, is an essential water-soluble 
vitamin that is required for the proper functioning of the nervous system, 
growth, metabolism, and cellular antioxidant protection in chickens 
(Johnson and Storts, 1988; Belinda, 2014). It is generally added to poultry 
feeds to prevent paralytic nervous symptoms and to preserve normal 
growth and health (Johnson and Storts, 1988). The active forms of 
riboflavin are flavin adenine dinucleotide (FAD) and flavin 
mononucleotide (FMN), both of which act as cofactors for a variety of 
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flavoprotein enzymatic reactions (Belinda, 2014). The normal riboflavin 
requirement for young, growing broiler chickens is 3.67 to 6.00 mg/kg of 
feed (Johnson and Storts, 1988). Riboflavin has a role not just in the host, 
but it is also necessary for the development of the parasite within the host 
(Hammond, 1973). The objectives of this study were to investigate the 
effects of riboflavin supplement on oocyst output in the chickens 
experimentally infected with E. tenella, and also to investigate the 
influence of riboflavin supplement on the efficacy of amprolium, an 
anticoccidial drug.  
 
MATERIALS AND METHODS 
 Parasite 
 The E. tenella Taiwanese strain that had been passaged and 
maintained in our laboratory for several years was used. Species 
identification and purification of the strain were confirmed by the 
manifestation of gross lesions and a multiplex PCR assay based on the 
regions of ITS-1 (You, 2014). 
Experimental design 
Seven-day-old Boris Brown chicks (Figure 3-1A) were divided 
into five groups of 12–22 chicks per group with the following treatments: 
negative control (no parasite, no drug or vitamin treatment fed with basal 
diet), positive control (infected with the parasite, no drug or vitamin 
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treatment fed with basal diet), riboflavin-treated group (infected with the 
parasite and fed with the basal diet supplemented with riboflavin), 
amprolium-treated group (infected with the parasite and fed with the 
basal diet supplemented with amprolium), and riboflavin plus amprolium-
treated group (infected with the parasite and fed with the basal diet 
supplemented with riboflavin and amprolium). Riboflavin (Wako pure 
chemical industries Ltd., Tokyo, Japan) and amprolium (Tokyo chemical 
industry Co., Ltd., Tokyo, Japan) were mixed in the feed and given to the 
chicks beginning at the challenge day until necropsy. The amprolium 
dose used in our study was 0.125 g/kg of feed following the dose for 
prophylactic treatment for coccidiosis in chickens recommended by Kant 
et al. (2013) as well as Peek and Landman (2011). The dose of riboflavin 
used was 0.8 g/kg of feed; we selected this dose because we would like to 
assess the effect of the riboflavin supplement at a higher concentration 
than the normal daily requirement on oocyst production. Moreover, there 
have been no reports of the riboflavin toxicity studies in poultry as most 
data are conducted on rats, and the results suggested that dietary levels 
between 10 and 20 times, or even 100 times higher than the requirement 
levels can be tolerated safety (NRC, 1987; EFSA, 2016). The chicks, with 
ad libitum access to water and feed, were kept and handled according to 
the rules and regulations laid down by the Institutional Animal Care and 
Use Committee (IACUC) of Azabu University. Inoculation of oocysts for 
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each chick was carried out by administering a 0.3 ml suspension of 1 × 
103 sporulated oocysts of E. tenella in distilled water directly into the 
crop via oral gavage. From 1 to 7 days post-inoculation (DPI), clinical 
signs such as mortality and fecal consistency were recorded. The chicks 
were kept in plastic cages, and feces contaminated with oocysts were 
removed every day from 1 DPI, and then the oocysts per gram of feces 
(OPG) were estimated using the O-ring technique (Taira et al., 2003). 
Chicks were necropsied at 7.5 DPI and oocyst counts were determined in 
cecal content samples individually from each chick using a McMaster 
slide. Oocyst numbers were transformed to the cube-root scale prior to 
one-way ANOVA. Statistical comparisons among the groups were 
performed with Tukey’s HSD test and P < 0.05 was considered as 
significant. 
 
RESULTS 
Prepatent period, fecal consistency, OPG, and mean number of 
oocysts in the cecum of chickens experimentally inoculated with 1 × 103 
sporulated oocysts of E. tenella are shown in Table 3-1. Bloody diarrhea 
(Figure 3-1B) was observed at 5 DPI in all infected groups except for the 
amprolium-treated group and riboflavin plus amprolium-treated group. 
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The oocysts were recovered from the feces for the first time at 7 DPI 
from all experimentally infected groups.  
The OPG of the riboflavin-treated group was higher than the 
positive control group; the former being 2.63 × 105 and the latter 5.63 × 
104. The mortality in the negative control, riboflavin-treated, amprolium-
treated, and riboflavin plus amprolium-treated groups were zero, and only 
one chick from the positive control group died at 2 DPI. On the day of the 
necropsy (7.5 DPI), the mean number of oocysts in the cecum of the 
riboflavin-treated group was significantly higher than the positive control 
group (P < 0.05). However, there was no significant difference in the 
mean oocyst number between the amprolium-treated and riboflavin plus 
amprolium-treated groups (P > 0.05) (Table 3-1). 
 
 
 59
 
Figure 3-1. A: seven-day-old Boris brown chickens used in the experiment;  
B: bloody diarrhea observed at 5 day post-inoculation 
 
Table 3-1. Prepatent period, fecal consistency, OPG, and mean number of 
oocysts in the cecum of the chickens experimentally inoculated with 
 1 × 103 sporulated oocysts of Eimeria tenella. 
 
 
Group 
N 
Prepatent period 
(DPI)a) 
Fecal consistency 
Mean OPGb) 
at 7 DPI 
(×104) 
Number of oocysts 
in cecum at 7.5 DPI 
Mean  
(×105) 
SD Mean cube 
root transformedc) 
Negative Cont. 12 - Normal 0 0 - 0 
 Positive Cont. (Oocysts only)  22 7 
Bloody diarrhea 
(5 DPI) 
5.63 22.22 
28.4
3 
111.73* 
Oocysts + Riboflavind) 22 7 
Bloody diarrhea 
(5 DPI) 
26.3 38.23 
21.5
2 
149.97† 
Oocysts + Amproliume) 22 7 Normal 0.09 0.94 2.57 23.40§ 
Oocysts + Riboflavin + 
Amproliumd), e) 
22 7 Normal 0.35 4.25 6.24 48.59§ 
 
a) Days post-inoculation of oocysts.  
b) Oocysts per gram of feces. 
A B 
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c) Oocyst numbers were transformed to the cube-root scale prior to one-way ANOVA. The 
statistical comparisons among the groups were performed with Tukey’s HSD test, and P < 
0.05 was considered as significant. Different symbols in each line denote significant 
differences. No oocyst was detected in negative control group (the result was not included in 
the analysis). 
d) Riboflavin was mixed at a dose of 0.8 g/kg of feed. 
e) Amprolium was mixed at a dose of 0.125 g/kg of feed.  
DISCUSSION 
A number of vitamins such as biotin, thiamine, nicotinic acid, folic acid, 
and riboflavin are known to be necessary for the complete development of 
coccidia within the host (Warren, 1968; Doran and Augustine, 1978). For normal 
development of parasites, E. acervulina and E. tenella in the chicken, dietary 
thiamine, riboflavin, biotin, nicotinic acid, and folic acid are required. E. tenella 
required thiamine and riboflavin for gametogony, biotin for first schizogony, and 
nicotinic acid for second schizogony (Warren, 1968; Pellerdy, 1974; Doran and 
Augustine, 1978).  
 Warren (1968) fed E. acervulina or E. tenella-infected chickens with 
various single vitamin-deficient diets and monitored the oocyst production. The 
author observed that thiamine, biotin, and nicotinic acid are the three most 
needed vitamins, and their deficiency led to over 90% suppression in oocyst 
production. The author also found that riboflavin deficiency caused 75–89% 
inhibition in oocyst production. In our study, chickens supplemented with 
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riboflavin and then infected with E. tenella showed significant increased 
shedding in the number of oocysts per chicken because riboflavin is a precursor 
of FAD, which is an essential cofactor for carbohydrate metabolism in the 
parasite (Long, 1982). Riboflavin, pyridoxine, biotin, and vitamin B12 are 
required by both the host and the parasite, the former for prevention of paralytic 
nervous symptoms, and the latter for multiplication. However, vitamin A, D, E, 
and K are essential for only the host and not for endogenous development by 
coccidia (Hammond, 1973; Doran and Augustine, 1978). 
Amprolium, which is a thiamine antagonist, completely blocks the 
absorption of thiamine and also has an antagonistic effect on the biotin supply 
(Peek and Landman, 2011; Kant et al., 2013). Because of the high demand of 
thiamine during schizogony, amprolium is especially efficacious during this 
stage. Amprolium also affects the first generation of schizonts, and to a lesser 
extent, the gametogony allows the immune response to develop (Peek and 
Landman, 2011). In our study, there was no significant difference between the 
amprolium-treated group and riboflavin plus amprolium-treated group for the 
number of oocysts per chicken. This might be because riboflavin enhances the 
development of the coccidia only during gametogony, but amprolium has an 
effect on schizogony, the first generation of schizonts, and gametogony (Warren 
1968; Pellerdy, 1974; Doran and Augustine, 1978; Peek and Landman, 2011).   
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This study demonstrated that the addition of riboflavin at a dose of 0.8 
g/kg to the basal diet could increase oocyst numbers in E. tenella-infected 
chickens, but has no effect on the efficacy of the anticoccidial drug.
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CHAPTER IV. ROLE OF COCKROACH AS TRANSPORT 
HOST OF CHICKEN COCCIDIOSIS  
 
ABSTRACT 
The role of the American cockroach, Periplaneta americana as 
transport host for E. tenella was evaluated. Cockroaches were orally fed with 
sporulated oocysts of E. tenella. Their feces and digestive tract were 
examined for oocysts by sugar centrifugal flotation technique and PCR. 
Infectivity of oocysts from the digestive tract of infected cockroaches or their 
feces was also evaluated by orally inoculating into chicken. E. tenella 
oocysts were found in the digestive tract and feces of infected cockroaches 
until day four after being ingested. Furthermore, oocysts that were recovered 
from the digestive tract and feces of cockroaches remain infective for four 
and three days after being ingested, respectively. Presence of oocysts in feces 
of chicken that had been inoculated with either digestive tract or feces of P. 
americana demonstrated the capacity of cockroach to spread and transmit E. 
tenella to chicken.      
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INTRODUCTION 
Chicken coccidiosis is an intestinal site-specific disease caused by the 
protozoal parasite of the genus Eimeria. It has a major impact on poultry 
production worldwide (Gilbert et al., 2011). Chickens are most commonly 
infected with E. tenella, E. acervulina and E. maxima (Duffy et al., 2005; 
Gilbert et al., 2011; Remmal et al. 2011). The infective stage, the sporulated 
oocyst, is transmitted via fecal-oral route. Infection occurs through the 
ingestion of sporulated oocysts from fecal-contaminated food and water 
(Hafez, 2008). The oocysts are extremely resistant and commonly found in 
places where chickens are reared (Fatemi et al., 2015; Quiroz-Castaneda and 
Dantan- Gonzalez, 2015). Poultry excreta and contaminated beddings are 
recognized as a source of E. tenella oocyts contamination (Hafez, 2008). 
Thus, insects associated with poultry excreta and accumulated manure might 
serve as a reservoir for Eimeria infection. Previous studies have 
demonstrated that darkling beetles and flies can transport and spread Eimeria 
in chicken (Reyna et al. 1983; Goodwin and Waltman 1996).  
Cockroaches are cosmopolitan insects and some of the most widely 
distributed pests in urban setting around the world. There are between 3,500 
and 4,000 species of cockroaches. The most important synanthropic species 
are Periplaneta americana, Blattella germanica and Blatta orientalis 
(Atiokeng-Tatang et al., 2017; Gonzalez-Garcia et al., 2017). Cockroaches 
have indiscriminate eating habits, feed on mammalian feces, garbage and 
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sewage, therefore have been considered to be mechanical vectors of various 
microorganism that can cause disease in domestic animals and humans 
(Gonzalez-Garcia et al., 2017). It has been associated with the ability to 
transmit bacteria, such as Salmonella spp., Escherichia coli, Klebsiella 
pneumoniae and Pseudomonas aeruginosa (Kopanic et al., 1994; Tatfeng et 
al., 2005), virus such as Poliomyelytis, protozoa, such as Isospora spp., 
Cryptosporidium parvum (Atiokeng-Tatang et al., 2017) and also act as 
intermediate host for some acanthocephalan, spiruroidea and cestodes 
(Gonzalez-Garcia et al., 2017). 
  However, cockroaches have not yet been evaluated for its role in the 
transmission of E. tenella. This study aims to elucidate the role of P. 
americana in the transmission of E. tenella oocysts through experimental 
infection. 
 
MATERIALS AND METHODS 
E. tenella oocysts  
E. tenella, (Taiwan strain) that had been passaged and maintained in 
our laboratory was used. Species identification and purification of the strain 
were confirmed by manifestation of gross lesion and PCR (Jarujareet et al., 
2018). To obtain the fresh oocysts, 1 × 103 sporulated E. tenella oocysts were 
inoculated directly into the crop of seven-day-old chicks. At 7.5 day post-
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inoculation, the infected chicks were sacrificed and the cecal contents were 
collected for oocysts separation. The oocysts were then suspended in 2.5% 
potassium dichromate solution to induce sporulation at 25 °C for 72 h. After 
confirming the sporulation, the oocysts were stored at 4 °C and used within 
one week for experimental infection of cockroaches. 
 
Cockroaches 
Twenty-seven, laboratory bred adult American cockroaches, 
Periplaneta americana (Figure 4-1A), were used in this study. The 
cockroaches were kept in plastic containers that contained folded paper and 
stack of wood board for insect refuge. The containers were placed in a room 
with the light condition maintained at 16L8D (16 h light/8 h dark) and at 25 
± 1 °C. Cockroaches were fed commercial rodent feed (MF, Oriental Yeast 
Co., Ltd., Tokyo, Japan) and water was provided ad libitum. 
 
Experimental infection of cockroaches with sporulated E. tenella oocysts 
One week before the beginning of the experiment, feces of 
cockroaches were examined daily to confirm the absence of a naturally 
Eimeria infection. Two days before inoculation, each cockroach was placed 
in separate 500 ml glass beaker without food and water. Twenty- four 
cockroaches were orally fed individually with cat liquid snack (Inaba-
Petfood Co., Ltd., Shizuoka, Japan) containing 50 μl suspensions of 2 ×104 
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sporulated oocysts of E. tenella and designated as infected group (Figure 4-
1B). Three remaining cockroaches were given equal volume of cat liquid 
snack (Inaba-Petfood Co., Ltd., Shizuoka, Japan) mixed with water instead 
of oocysts suspension and treated as uninfected control group. After all the 
food were ingested, each cockroach was transferred to a new 500 ml glass 
beakers, being provided with water-soaked cotton wads and fed with 
commercial rodent feed (MF, Oriental Yeast Co., Ltd., Tokyo, Japan), and 
kept in the room temperature under the same condition as described above  
 
 
  
 
 
 
Figure 4-1.  A: adult Periplaneta americana (American cockroach) used in this study;  
B: experimental infection of P. americana with sporulated Eimeria tenella oocysts. 
 
Detection of E. tenella oocysts in infected cockroaches 
Cockroaches from the infected group were sacrificed using diethyl 
ether followed by decapitation at 1, 2, 3, 4, 5, 7, 10, 15 days after ingestion 
of oocysts and on each day three cockroaches were sacrificed. Digestive 
A B 
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tracts contents of two cockroaches were used to inoculate chickens and also 
to check for the presence of oocysts by sugar centrifugal flotation technique, 
while the remaining one cockroach was used for the detection of E. tenella 
oocysts by PCR. 
 
Detection of E. tenella oocysts using sugar centrifugal flotation technique 
The digestive tract of each cockroach was slit open and washed with 
10 ml of saline. The sample was homogenized and filtered through a sieve. 
Then, all the filtrate was transferred to a 15 ml test tube and centrifuged at 
2,500 rpm (1,610 × g) for 5 min. The supernatant was discarded and the 
sediment was re-suspended in 2 ml of distilled water; 1 ml of this suspension 
was used for inoculation into the chicken, and the remaining 1 ml of the 
suspension was examined for E. tenella oocysts by using sugar centrifugal 
flotation technique (Taira et al., 2003). Briefly, the remaining 1 ml of the 
suspension was centrifuged at 2,500 rpm (1,610 × g) for 5 min, and the 
supernatant was discarded. The sediment was re-suspended in 10 ml sugar 
solution (specific gravity 1.28). The suspension was stirred and centrifuged 
again at 2,500 rpm (1,610 × g) for 5 min. Sugar solution was added until an 
upper meniscus was form, and a coverslip (18 × 18 mm) was placed over the 
tube. The coverslip was examined 30 min later under a microscope. 
Moreover, fecal sample from cockroaches was collected daily and pooled; 
one-half was suspended and homogenized in 2 ml of distilled water followed 
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by inoculation into chicken. The remaining sample was examined for E. 
tenella oocysts as described above.  
 
Detection of E. tenella oocysts using multiplex PCR 
The entire digestive tract of one cockroach was preserved in 70% 
alcohol and used for detection of E. tenella oocysts by using multiplex PCR 
based on ITS-1 region (You, 2014). Primer sequences, amplicon sizes, and 
specificity are listed in Table 4-1. The digestive tract of cockroach was 
processed in the same way as described above until the supernatant was 
discarded. After discarding the supernatant, 1 ml of distilled water was added 
to the sediment followed by slight vortexing for re-suspension. The 
suspension was transferred to a microcentrifuge tube and the oocyst lysis was 
conducted using the method described by Tang et al. (2018), with minor 
modification. Briefly, the suspension was centrifuged at 2,500 rpm (1,610 × 
g) for 10 min to sediment the oocysts. The supernatant was discarded 
completely and the pellet was re-suspended in 100 μl of sodium hypochlorite 
and incubated at 4 °C for 1.5 h followed by treatment with 350 μl of saturated 
salt solution at 55 °C for 1 h. Thereafter, DNA was extracted from the 
suspension using the InstaGeneTM Matrix DNA extraction kit (Bio-Rad 
Laboratories, Inc., California, United states), according to the manufacturer’s 
instruction. Multiplex PCR was performed in a final volume of 25 μl 
containing 100 ng DNA template, 0.2 mM of each dNTP, 1 μM of forward 
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primer and 0.5 μM of each reverse primer, 0.025 U of Ex Tag polymerase 
(TaKaRa Ex Taq®, Takara Bio, Shiga, Japan), and the manufacturer’s 
supplied reaction buffer. The PCR program consisted of a denaturation step 
at 95 °C for 10 min followed by 30 cycles of 98 °C for 10 s, 52.5 °C for 30 s 
and 72 °C for 1 min, and a final extension step at 72 °C for 1 min (You, 2014). 
Then, 5 μl of PCR product was mixed with 1 μl of loading buffer and 
visualized in a 1.5% agarose gel by electrophoresis. The size of PCR 
products was determined by comparison with a 0.1-2 kbp gene ladder 
(Nippon Gene Co., Ltd., Toyama, Japan). Two positive controls were used; 
DNA extracted from E. tenella oocysts that were used for experimentally 
infecting the cockroaches and another DNA extracted from a commercial 
avian coccidiosis trivalent (TAM) live vaccine (Nisseiken Co., Ltd., Tokyo, 
Japan) comprising of E. tenella, E. acervulina and E. maxima.  
Table 4-1. Primers based on ITS-1 region used in the multiplex PCR for 3 
Eimeria species (You, 2014) 
bp = base pairs 
 
Primer Oligonucleotide sequence (5'-3') Amplicon size 
(bp) 
Specify 
Forward GTTGCGTAAATAGAGCCCTCT  Eimeria spp. 
Reverse ACCAATGCAGAACGCTCCAG 152 bp Eimeria maxima 
 CAAAAGGTGGCAATGATGCT 281 bp Eimeria acervulina 
 GTTCCAAGCAGCATGTAACG 554 bp Eimeria tenella 
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Evaluation of infectivity of oocysts recovered from digestive tract or 
feces of cockroaches by inoculation into chickens 
 To evaluate the infectivity of the oocysts recovered from the digestive 
tract content and feces of the cockroaches, the oocysts were orally inoculated 
into naïve (uninfected) chicks. Thirty-eight, seven-day-old chicks were 
divided into 19 groups (n=2). The treatment of each group is shown in Table 
4-3. The chicks, with ad libitum access to water and feed (Pet’s One Bird 
food, Cainz Co., Ltd., Saitama, Japan), were kept and handled according to 
the rules and regulations laid down by the Institutional Animal Care and Use 
Committee (IACUC) of Azabu University. Fecal sample from each group of 
the chick were collected at day 5.5, 6.5 and 7.5 post-inoculation. And at day 
8 post-inoculation the chicks were sacrificed and cecal contents were 
examined for E. tenella oocysts. 
 
RESULTS 
Experimental infection of cockroaches with sporulated E. tenella oocysts 
Detection of E. tenella oocysts from digestive tract contents and feces 
of cockroaches ingested with the oocysts is presented in Table 4-2. No E. 
tenella oocyst was observed from digestive tract contents and feces of three 
uninfected control cockroaches. E. tenella oocysts were found in the 
digestive tract and feces of cockroaches until day 4 after being ingested the 
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oocysts. No other stages of E. tenella except the oocysts was detected 
(Figure 4-2). In addition, the PCR results show that E. tenella DNA was also 
detected from digestive tract contents of infected cockroaches until day 4 
post-ingestion (Figure 4-3). 
 
Table 4-2. Detection of Eimeria tenella oocysts from digestive 
tract contents and feces of cockroaches  
     
Group Days post-ingestion Digestive tract contentsa Fecesb 
Uninfected control 15 0/3 - 
Infected  1 2/2 + 
 2 2/2 + 
 3 1/2 + 
 4 1/2 + 
 5 0/2 - 
 7 0/2 - 
 10 0/2 - 
  15 0/2 - 
a Number positive/ number tested 
b Pooled feces from three cockroaches 
Figure 4-2. Eimeria tenella oocysts recovered from digestive tract (upper row) and feces 
(lower row) of cockroaches infected with sporulated oocysts. DPI: Days post-ingestion. 
Bar = 20 μm 
1 DPI 2 DPI 
2 DPI 
3 DPI 
3 DPI 1 DPI 
4 DPI 
4 DPI 
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Figure 4-3. Detection of Eimeria tenella in cockroaches’ digestive tract using multiplex 
PCR. Lanes 1: Negative control, 2: Positive control, 
3-6: samples from digestive tract contents of 1, 2, 3, 4 day post-ingestion (DPI) 
cockroaches, 7-10: samples from digestive tract content of 5, 7, 10, 15 DPI cockroaches, 
11: sample from a commercial attenuated live vaccine containing oocysts of E. tenella, E. 
acervulina and E. maxima); M: molecular size marker 
 
Evaluation of infectivity of oocysts recovered from digestive tract or 
feces of cockroaches by inoculation into chickens 
Evaluation of infectivity of E. tenella oocysts recovered from digestive 
tract or feces of cockroaches by inoculation into chickens is presented in 
Table 4-3. E. tenella oocysts were recovered from feces and cecal contents of 
chicken inoculated with digestive tract contents of 1, 2, 3 and 4 days post-
ingestion cockroaches (DPI-C). Oocysts were recovered from feces and cecal 
contents of chickens inoculated with feces of 1, 2 and 3 DPI-C.   
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Table 4-3. Evaluation of infectivity of Eimeria tenella oocysts recovered 
from digestive tract or feces of cockroaches by inoculation into chickens 
 
 
Chicken groups (n=2) 
 
 
Inoculation with; 
 
Oocyst in chicken feces                   
(Day post-inoculation) 
Oocyst in  
cecal contents 
 of chicken on the 
day of necropsy 
  5.5 6.5 7.5  
1 (Positive control) Sporulated oocysts of E.tenella + + + + 
2 (Negative control) DC  of uninfected- cockroach - - - - 
3 DC of 1 DPI-C - + + + 
4 DC of 2 DPI-C - + + + 
5 DC of 3 DPI-C - + + + 
6 DC of 4 DPI-C - - + + 
7 DC of 5 DPI-C - - - - 
8 DC of 7 DPI-C - - - - 
9 DC of 10 DPI-C - - - - 
10 DC of 15 DPI-C - - - - 
11 (Negative control) Feces of uninfected- cockroach - - - - 
12 Feces of 1 DPI-C - + + + 
13 Feces of 2 DPI-C - + + + 
14 Feces of 3 DPI-C - - + + 
15 Feces of 4 DPI-C - - - - 
16 Feces of 5 DPI-C - - - - 
17 Feces of 7 DPI-C - - - - 
18 Feces of 10 DPI-C - - - - 
19 Feces of 15 DPI-C - - - - 
DC = Digestive tract contents 
DPI-C = Day post-infected cockroaches 
 
DISCUSSION 
The indiscriminate feeding habits of cockroaches make them ideal 
carriers of various microorganism (Gonzalez-Garcia et al., 2017). Previous 
studies have reported that cockroaches act as transport host for a variety 
parasites of public health and veterinary importance (Tatfeng et al., 2005; 
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Atiokeng -Tatang et al., 2017). These includes the coccidian parasite namely, 
Toxoplasma gondii, Sarcocystis muris and Isospora spp. (Wallace, 1972; 
Smith and Frenkel, 1978). In this study, E. tenella oocysts were found in the 
digestive tract and feces of P. americana for four consecutive days after 
being ingested, indicating that E. tenella oocysts are resistance to enzymes 
and micro flora in the digestive tract of P. americana. Thus, ingested E. 
tenella oocysts could be carried in P. americana’s digestive tract and 
dispersed in their fecal materials. Furthermore, viable oocysts that were 
recovered from digestive tract and feces of cockroaches remain infective for 
four and three days after being ingested, respectively. The discretion might 
be due to the destruction of the oocysts after contact with drier condition in 
feces. Our results suggested that E. tenella oocyst does not remain infective 
for very much extended periods in the digestive tract and feces of P. 
americana. However, continuous exposure to E. tenella oocysts-
contaminated food source probably may lead them to become a long-term 
carrier. Moreover, since P. americana can move up to 38 m, such mobility 
can result in the dissemination of oocysts over a significantly wide area 
(Smith and Frenkel, 1978). For these reasons, they could serve as transport 
host for E. tenella.    
Cockroaches are recognized as premise pest in poultry farms 
worldwide. Although not common, massive occurrences of cockroaches have 
been reported in poultry houses (Axtell, 1999). Cockroaches not only 
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damage the hygienic image of poultry houses or cause a nuisance, they also 
contaminated other objects with disease agents which were attached to their 
body or in their fecal deposits. Therefore, they have been regarded as 
potential vector of foodborne pathogens in poultry production and processing 
facilities (Kopanic et al., 1994). Additionally, poultry eat a wide range of 
insects, including cockroaches. Thus, they can be infected with pathogens 
that are carried by cockroaches. Oxyspirura mansoni, a common eyeworm of 
poultry requires an intermediate host such as a cockroach to facilitate 
transmission to its definitive host such as chicken (Almas et al., 2018). Clubb 
and Frenkel (1992) and Godoy et al. (2009) have demonstrated that, 
psittacine birds can develop sarcocystosis by eating a cockroach that has 
ingested feces containing Sarcocystis falcatula or eating food contaminated 
by cockroach feces. In this study, the presence of E. tenella oocysts in feces 
of chicken that had been inoculated with either digestive tract contents or 
feces of P. americana suggest that, ingestion of cockroaches directly or 
ingestion of food or water that contaminated with fecal material of 
cockroaches can serve as a route of transmission for E. tenella in chickens.  
The strategy employed by parasites to facilitate its host to be eaten by 
the next host so that its life cycle can be completed through predator-prey 
relationship has been documented for many parasites. Previous studies 
demonstrated that P. americana showed a decrease in travel velocity and 
distance, increase in the use of horizontal surface, and positive response to 
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light when infected with Moniliformis moniliformis. These behaviors make 
them more vulnerable to predation by a definitive host (Wilson and Edwards, 
1986; Gotelli and Moore, 1992). The behavior of E. tenella-infected 
cockroaches needs to be compared with the uninfected one. We need to 
clarify whether the infection with E. tenella will make the cockroaches more 
prone to be eaten by the chicken or not.  
In conclusion, this study demonstrates the capacity of cockroach to 
spread and transmit E. tenella to chicken, indicating that P. americana can 
serve as transport host of E. tenella. An increase in cockroach density in the 
chicken house can correspondingly increase the chance of transmission of 
Eimeria. Thus, a proper poultry management system to control cockroach 
and other insect infestation is essential to reduce the risk of Eimeria 
transmission.   
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CHAPTER V. CHARACTERIZATION OF ATTENUATED 
PRECOCIOUS LINE OF EIMERIA TENELLA  
 
ABSTRACT 
The changes of biological characteristics of an attenuated 
precocious line of E. tenella were studied. After 34 passages, the 
prepatent period of the precocious line was reduced from 180 to 132 
hours. The peak of oocysts output of this precocious line was 3 days 
earlier than that of the parental strain. The pathogenicity of the precocious 
line by means of lesion score, maximum of oocysts per gram of feces and 
oocyst output was significantly reduced when compared to the parent 
strain. However, traces of bloody feces could still be seen in chickens 
infected with the precocious line, which is almost the same as the parental 
strain. Deletion of any stage of the life cycle was not confirmed but 
accelerated growth in second-generation shizogony was found in the 
precocious line. The attempt of introducing fluorescent protein into the 
precocious line of E. tenella by cationic lipid-mediated transfection 
method was successful as the fluorescence was detected in unsporulated 
oocysts. However, as the oocyst continue to sporulate, the fluorescent 
protein could not be detected in the fully sporulated oocyst.   
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INTRODUCTION 
Chicken coccidiosis is a protozoan disease caused by Eimeria 
species considered of worldwide economic importance for poultry farms 
(Aziz et al., 2016). The clinical signs are characterized by diarrhea 
ranging from mucoid and watery to hemorrhagic, reduction in weight or 
weight gain, high morbidity, and sudden death. The five highly 
pathogenic species are E. tenella, E. necatrix, E. maxima, E. brunetti, and 
E. acervulina (Allen and Fetterer, 2002; Kawahara et al., 2014). 
Immunization with live attenuated vaccines is increasingly playing and 
important role in the control of coccidiosis in the poultry industry because 
of the increasing of drug resistance to the available coccidiostats and 
customer concern about drug residues in poultry products (Dong et al., 
2006; Jorgensen et al., 2006; Constantinoiu et al., 2011). The attenuated 
live anticoccidial vaccines, like Paracox® and Livacox®, are widely used. 
The former was obtained from precocious line, while the latter was 
acquired from precocious and egg-passaged lined (Dong et al., 2006). 
Previous study stated that the low-virulence attenuated precocious line of 
E. tenella could be obtained by successive passages of oocysts first 
collected from feces of previously infected chickens, which can then be 
used as vaccine (Jeffers, 1975). Compared with the parental strain, the 
low-virulence attenuated precocious lines should have reduced prepatent 
period, reduced pathogenicity, and much lower reproductive potential, 
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but maintained at the level that allows economically commercial 
production (Dong et al., 2006; Jorgensen et al., 2006). In this study, the 
biological characteristics of an attenuated precocious line of E. tenella 
were studied and compared with its parental strain. In addition, 
transfection of the precocious line was tried out to investigate whether the 
transfected precocious line could express fluorescent protein throughout 
the life cycle for their potential use as a vaccine marker. 
 
MATERIALS AND METHODS 
Parasite 
 E. tenella oocysts were purified from filed sample by a single 
oocyst isolation and have been maintained by propagation in the chickens. 
Animals 
  Seven-day-old Boris brown chicken were used in this study. The 
chickens, with ad libitum access to water and feed (Pet’s One Bird food, 
Cainz Co., Ltd., Saitama, Japan), were kept and handled according to the 
rules and regulations laid down by the Institutional Animal Care and Use 
Committee (IACUC) of Azabu University. Feces were test by sugar 
centrifugal flotation technique prior to experimentation to confirm that 
the chickens were free from coccidia. 
 
Selection for the precocious line of E. tenella  
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The precocious line was obtained by serial passaging through 
chickens. Only earliest shed oocysts were used as the inoculum for the 
next passage. For each passage, five chickens were inoculated with 1×103 
sporulated oocysts. Feces collection were made at 4 h intervals starting to 
12 h before the time of patency, calculated from the previous passage. 
Pooled feces sample were examined for presences of oocysts using the 
sugar centrifugal flotation technique. 
 
Biological characterization of precocious line of E. tenella   
 The changes in biological characteristics were monitored during 
production of precocious line of E. tenella. The chickens in each passage 
were observed for 15 consecutive days, and clinical signs, mainly bloody 
diarrhea and mortality were recorded. Oocysts excreted in feces were also 
checked and count daily from 4 to 15 day post-inoculation (PI) using 
McMaster chamber. All chickens were sacrificed on the 15-day PI. The 
oocysts count was determined in cecal content sample from each chicken 
and lesion score were graded according to Johnson and Reid (1970). The 
scoring scales ranged from 0 to +4, where 0 = no gross lesion, +1= mild 
lesion with few scattered petechial on the cecal wall, no thickening of the 
cecal wall, normal cecal contents present, +2= moderate lesion with 
numerous petechial, bleeding and slight thickening of cecal wall, +3= 
severe lesion with severe bleeding or cecal core present, cecal wall 
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greatly thickened and +4= extremely severe lesion with severe bleeding 
or large caseous core, a much thickened or ruptured cecal wall, gangrene 
or death. 
 
Observations on the endogenous development of the precocious line 
and the parent strain    Differences in the rate of development of precocious line and 
parental strain were assessed by microscopic examination of the 
endogenous stages. Fourteen, seven-day-old chickens were inoculated 
with 1×104 sporulated oocysts for the parental strain and precocious line. 
One chicken infected with parental strain and one with precocious line 
were sacrificed at 24 h intervals, from 24 h until 168 h. The infected 
caeca were removed, fixed in 10% buffered formalin at room temperature, 
and cut into 5 part at a length of 3-5 mm, embedded in paraffin, cut as 
cross-sections at a thickness of 4 μm and stained with hematoxylin and 
eosin.     
 
 
 
 
 
Transfection of E. tenella precocious line 
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 The plasmid pH4-DHFR-eYFP-P2A-RFP-3’Act (kindly provided 
by Dr. Xianyong Liu from China Agricultural University), containing a 
dihydrofolate reductase thymidylate synthase (DHFR-TS) derived from 
Toxoplasma gondii, enhanced yellow fluorescent protein (eYFP) and red 
fluorescent protein (RFP) as the reporter genes flanked by histone 4 
promoter and 3′ region of actin of E. tenella and porcine teschovirus-1 2A 
peptide (P2A), was introduced into sporozoites of E. tenella precocious line as 
describe below. For transfection, sporocysts were released from oocysts by 
grinding with 0.5 mm glass-beads, followed by excystation with trypsin-bile 
solution (0.75% w/v trypsin and 10% v/v chicken bile in PBS) (Shi et al., 2008). 
Sporozoites were separated from oocysts walls and sporocyst debris by 
filtration using an Advantec® qualitative filter paper, grade No. 2 (Toyo 
Roshi Kaisha, Ltd., Tokyo, Japan). The purified sporozoites were wash 
once with PBS and suspended in DMEM. The cationic lipid-mediated 
transfection was conducted by using Lipofectamine® LTX DNA 
transfection reagents (Thermo Fisher Scientific Inc., Massachusetts), 
which comprising of Lipofectamine® LTX reagent, Opti-MEM® medium 
and PLUSTM reagent. Transfection was performed according to 
manufacturer’s protocol. Briefly, the Lipofectamine® LTX reagent was 
diluted in Opti-MEM® medium. The plasmid DNA was also diluted in 
Opti-MEM® medium, then add PLUSTM reagent. Diluted plasmid DNA 
was added to diluted Lipofectamine® LTX reagent (1:1 ratio) and 
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incubated for 5 min at room temperature. The plasmid DNA-lipid 
complex was then added to 500 μl of sporozoites suspension (1×106 
sporozoites/ 1 ml) and incubate at 37 °C for 24 h. Sporozoites were wash 
with PBS, re-suspended in DMEM and inoculated into seven-day-old 
chicken via the cloacal route for the in vivo stable transfection. Chickens 
were sacrificed at 8 day PI and oocysts from cecal content were collected 
and checked by fluorescence microscope.  
 
RESULTS  
Selection of precocious line  Reduction in prepatent period is shown in Figure 5-1. The 
prepatent period was progressively reduced from 180 h for the parent 
strain to132 h by passage number 34 (48 h reduction). 
 
 
 
 
 
 
Figure 5-1. Prepatent period throughout passaging of Eimeria tenella 
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Biological characterization of precocious line of E. tenella   The fecal oocysts shedding of precocious line (P34) reached a peak 
on day 7 PI, but the parent strain reached a peak on day 10 PI. The 
number of shed oocysts decreased after reach the peak point in both P34 
and parent strain (Figure 5-2). The maximum of oocysts per gram of 
feces (OPG) was reduced from 1.57 × 106 to 0.88 × 106. The average 
number of oocysts in cecum was reduced relative to the parent strain. The 
pathogenicity of the precocious line by mean of lesion score was also  
reduced compared to the parent strain (Table 5-1).  
  
 
Figure 5-2.  Oocysts shedding patterns of Eimeria tenella precocious line and parent 
strain 
Table 5-1. Biological characteristics of Eimeria tenella precocious line 
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 (P34) compared with parent strain (P1) 
 
DPI = Day post-inoculation 
OPG = Oocysts per gram of feces 
 
Observations on the endogenous development of the precocious line 
and the parent strain  Histological observation was conducted on the cecal samples of 
chickens inoculated with oocysts of the parent strain or precocious line. 
The results are summarized in Table 5-2. In the parent strain infected 
chickens, immature second-generation of schizonts (Figure 5-3A) were 
observed at 96 h PI and mature second-generation of schizonts (Figure 5-
3B) were found at 120 h PI. Gametes and oocysts appeared at 144 h PI.  
Second-generation schizogony proceeds at a much faster rate in the 
precocious line, resulting in a predominance of mature second-generation 
of schizonts (Figure 5-3C) by 96 h and oocysts (Figure 5-3D, E) by 120 h 
after inoculation.  
 
Biological characteristics P1 P34 
Time bloody feces occurred (DPI) 5,6,7 5,6 
Mortality 0 0 
Lesion score (mean ± SD) 2.4 ± 1.3 1.3 ± 0.6 
Average number of oocysts in cecum at 15 DPI (×103) 13.8 2.67 
Maximum OPG (×106) 1.57 0.88 
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 Table 5-2. Summary of observations on the endogenous development of 
the precocious line and the parent strain  
Endogenous stages observed 
H Parent strain (P1) Precocious line (P 34)  
96 Immature second generation 
schizonts 
Immature and mature second 
generation schizonts 
120 Immature and mature 
second generation schizonts 
Mature second generation schizonts, 
gametes and a few oocysts oocysts 
144 Gametes and a few oocysts Gametes and oocysts  
168 Gametes and mature oocysts Gametes and mature oocysts  
 
 
  
 
 
 
 
 
  
 
 
 
 
 
Figure 5-3. Photomicrographs of endogenous stages of Eimeria tenella precocious 
line and parent strain in cecal tissue. Haematoxylin and eosin staining. A: immature 
A B 
C D 
E 
 * * * 
* * * 
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second-generation schizonts of parent strain at 96 h after inoculation. B: mature 
second-generation schizonts of precocious line at 96 h after inoculation. C: immature 
(arrowheads) and mature (arrows) second-generation schizonts of parent strain at 120 
h after inoculation. D: shows macrogametocytes (asterisks) and zygotes or early 
oocysts (arrowheads) of precocious line at 120 h after inoculation. E: high 
magnification of macrogametocyes (asterisks) and early oocysts (arrowheads).   
 
Transfection of E. tenella precocious strain 
Only a few fluorescence unsporulated oocysts were detected from 
inoculated chickens (Figure 5-4A). No fluorescence was detected from 
sporulated oocysts (Figure 5-4B). In control experiments, no fluorescence 
was detected when the same numbers of sporozoites were incubated in 
the presence or absence of plasmid DNA with or without incubation with 
Lipofectamine® LTX DNA transfection reagents (Figure 5-4C).  
    A 
eYFP 
RFP 
Bright 
C B 
Figure 5-4. 
Transfection of Eimeria 
tenella precocious strain.  
A: unsporulated oocysts,  
B: sporulated oocysts, 
C: control experiment, 
Bar = 20 μm 
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DISCUSSION 
The prepatent period has been considered as a species-specific trait 
among the coccidia (Jeffers, 1975). The prepatent periods of parent strain 
of E. tenella used for attenuation have been recorded as 120 h, 121 h, 136 
h, 139 h and 144 h (Jeffers, 1975; Kawaguchi et al., 1988; Long and 
Johnson 1988; Jorgensen et al., 2006). In comparison, the parent stain 
used in this study had prepatent period of 180 h. This variability in 
prepatent periods among different strains casts substantial doubt on the 
reliability of using prepatent period as a diagnostic tool for differentiating 
species of Eimeria (Jorgensen et al., 2006). In this study, after 34 
passages of selection for the precocious strain, the prepatent periods was 
reduced from 180 to 132 hours. This finding is quite different from the 
results obtained by Jeffers (1975) for the precocious line of the Wisconsin 
strain of E. tenella. The shorter period of 168 h for the parent strain was 
obtained compared to 120 for the precocious line. Kawaguchi et al. 
(1988) reported a shortening from 136 to 112 h for the Japanese NIAH 
strain whereas Jorgensen et al. (2006) obtained a reduction from 144 h to 
120 h for the Redlands strain and from 139 h to 116 h for the Darryl 
strain. It seems that different strains from the same species possess 
character variation for precociousness (Kawazoe et al., 2005).  
The reproduction and pattern of oocyst output are two important 
characters for Eimeria parasites when comparing a precocious line or a 
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newly isolated population with a parental strain or a reference strain (Yan 
et al., 2009). The oocyst production of the parent strain of E. tenella 
peaked on the 10-day PI in seven-day-old Boris brown chicken in this 
study. This result was different from that in the study by Jeffers (1975), 
which the peak time occurred on the 7.5-day PI, probably due to the host 
genotype differences, or oocyst genetic variations, or both (Dong et al., 
2006). Differences in oocyst output and the pattern of oocyst shedding 
between host genotypes have been reported for Eimeria species 
(Bumstead and Millard, 1992; Cha et al., 2018). The early in peak time of 
oocysts production of P34 compared to the parent isolated (7 days PI vs. 
10 days PI) in this study was probably related to genetic changes in the 
parasite by the selection of the precocious development (Dong et al., 
2006). Further studies are necessary to confirm whether the precocious 
line has genetic difference from the parent isolate.  
Selection for precocious development can lead to the loss or 
modification of various reproductive stages with a concomitant reduction 
in reproductive potential and pathogenicity (Jeffers, 1975; Long and 
Johnson 1988; Jorgensen et al., 2006). In this study, the maximum of 
oocysts per gram of feces (OPG) and the average number of oocysts in 
cecum was reduced relative to the parent isolate indicates that, the 
precocious strain developed in this work had reduced reproductive 
potentials. The pathogenicity of the precocious strain by mean of lesion 
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score was also reduced compared to the parent isolate. However, traces of 
bloody feces could still be seen in the P34, which is almost the same as 
the parent isolate, suggesting that further selection of P34 might produce 
an effective and safe vaccine line.  
Previous studies had shown that deletion or acceleration of the 
early stages of the life cycle results in shortening of the prepatent period 
of E. tenella precocious line (Jeffers, 1975; Kawaguchi et al., 1988). In 
this study deletion of any stage of the life cycle was not confirmed but 
accelerated growth in second generation shizogony was found in the 
precocious line of E. tenella.  
Stable transfection of Eimeria species has been difficult to achieve 
because of the obligate requirement for in vivo amplification and 
selection of the parasites (Clark et al., 2008). Previous studies reported 
that electroporation along with the restricted enzyme-mediated 
integration is the optimal method for stable transfection of Eimeria 
species (Clark et al., 2008; Yan et al., 2009; Tao et al., 2017). In this 
study, the attempt of introducing fluorescent protein into the precocious 
line of E. tenella by cationic lipid-mediated transfection method was 
successful as the fluorescence was detected in unsporulated oocysts. 
However, as the oocyst continue to sporulate, the fluorescent protein 
could not be detected in the fully sporulated oocyst.   
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ABSTRACT 
 
 Chicken coccidiosis, which has a major impact on poultry production 
worldwide, is an intestinal protozoan disease. The five major pathogenic species 
are Eimeria tenella, E. necatrix, E. maxima, E. brunetti and E. acervulina. 
This thesis addresses the following questions on E. tenella in 4 studies. 
1) Identification and purification of Eimeria species in the infected 
chicken has important implications for diagnosis and disease management as 
well as creation of new vaccines. Therefore, the first objective of this study is to 
establish a pure line of E. tenella by using single-oocyst isolation technique 
followed by confirmation with PCR. Since, the application of PCR technique for 
detecting Eimeria DNA has been made difficult by the remarkable toughness of 
oocyst and sporocyst wall, a simpler method to disrupt the oocyst of E. tenella 
to obtain the DNA for molecular identification is required. 
2) Vitamins are known to be a necessary nutrient for the complete 
development of the parasite within the host. The aim of study II is to see 
whether addition of vitamin supplement in the basal diet will influence the 
oocyst production and on anticoccidial drug efficacy in chicken coccidiosis. 
3) Sporulated oocyst, the infective stage of E. tenella is extremely 
resistant in environment. Infection occurs from ingestion of sporulated oocysts 
from fecal-contaminated food, water and fomites. The role of invertebrate in 
transmission of E.tenella has not been fully studied. Therefore, the objective of 
study III is to elucidate the role of cockroaches in the transmission of E. tenella 
oocysts through experimental infection. 
4) Previous study stated that low-virulence attenuated precocious lines 
of E. tenella oocysts could be obtained through serial passage of precocious 
lines in chicken, which can then be used as a vaccine. The low-virulence 
attenuated precocious line vaccine must have reduced pathogenicity so that they 
do not show any clinical disease. The aim of study IV is to monitor the changes 
in biological characteristic of an attenuated precocious strain of E. tenella. In 
addition, transfection of the precocious line was tried out to investigate whether 
the transfected precocious line could express fluorescent protein throughout the 
life cycle for their potential use as a vaccine marker.   
Study I: Purification and molecular identification of Eimeria tenella 
A strain of E. tenella (Taiwan strain) was isolated from field sample by 
using single oocyst passage in chicken. The releasing of sporocysts was 
optimized by breaking the oocyst wall with glass beads of 0.5 mm diameter and 
vortexing time of 1 min. Identification of this E. tenella strain was performed 
with multiplex PCR. To ensure the purity of the strain used.  
 
Study II: Eimeria tenella oocyst excretion and riboflavin supplement in the 
diet of infected chicken 
To investigate the effect of riboflavin supplement in E. tenella-infected 
chickens, mortality, fecal consistency, and oocysts per gram of feces were 
monitored for groups of E. tenella-infected chickens administered a basal diet 
supplement with either riboflavin, the anti-coccidial drug amprolium, or with 
both compounds. It was demonstrated that addition of 0.8 g/kg of riboflavin to 
the basal diet can increase oocyst number in E. tenella-infected chicken, but has 
no effect on the efficacy of amprolium. 
 
Study III: Role of cockroach as transport host of chicken coccidiosis 
To evaluate the role of the American cockroach, Periplaneta americana 
as a transport host for E. tenella, cockroaches were orally fed with sporulated 
oocysts of E. tenella. Their feces and digestive tract were then examined for 
oocysts by sugar centrifugal flotation technique and PCR. Infectivity of oocysts 
from the digestive tract of infected cockroach or their feces was also evaluated 
by orally inoculating into chicken. E. tenella oocysts were found in the digestive 
tract and feces of cockroaches up to day four after ingestion of oocysts. 
Furthermore, oocysts that were recovered from the digestive tract and feces of 
cockroaches remained infective for four and three days after ingestion of 
oocysts, respectively. 
 
Study IV: Characterization of attenuated precocious line of Eimeria tenella 
 The changes of biological characteristics of an attenuated precocious 
strain of E. tenella were studied. After 34 passages, the prepatent period of the 
precocious strain was reduced from 180 to 132 hours. The peak of oocysts 
output of this precocious strain was 3 days earlier than that of the parental strain. 
The pathogenicity of the precocious strain by means of lesion score, maximum 
of oocysts per gram of feces and oocyst output was significantly reduced when 
compared to the parent isolate. However, traces of bloody feces could still be 
seen in chickens infected with the precocious strain, which is almost the same as 
the parental isolate. The changes of biological characteristics of an attenuated 
precocious strain of E. tenella were studied. After 34 passages, the prepatent 
period of the precocious strain was reduced from 180 to 132 hours. The peak of 
oocysts output of this precocious strain was 3 days earlier than that of the 
parental strain. The pathogenicity of the precocious strain by means of lesion 
score, maximum of oocysts per gram of feces and oocyst output was 
significantly reduced when compared to the parent isolate. However, traces of 
bloody feces could still be seen in chickens infected with the precocious strain, 
which is almost the same as the parental isolate. Second-generation schizogony 
proceeds at a much faster rate in the precocious line, resulting in a 
predominance of mature second-generation of schizonts by 96 h and oocysts by 
120 h after inoculation. The attempt of introducing fluorescent protein into the 
precocious line of E. tenella by cationic lipid-mediated transfection method was 
successful as the fluorescence was detected in unsporulated oocysts. However, 
as the oocyst continue to sporulate, the fluorescent protein could not be detected 
in the fully sporulated oocyst. 
   
Conclusions 
 I. We have confirmed by PCR that the coccidian strain used was E. 
tenella and glass bead of diameter 0.5 mm is the most optimum for disrupting 
oocyt wall to obtain the nucleic acid for PCR. 
 
 II. Addition of riboflavin at a dose of 0.8 g/kg to the basal diet could 
increase oocyst output in E. tenella-infected chickens, but has no effect on the 
efficacy of the amprolium anticoccidial drug. 
 
 III. Presence of oocysts in feces of chicken that had been inoculated 
with either digestive tract or feces of P. americana demonstrated the capacity of 
cockroach to spread and transmit E. tenella to chicken. 
        
 IV. After 34 passages of selection for the precocious strain, the prepatent 
periods was reduced from 180 to 132 hours. The maximum of OPG, oocyst 
output and lesion score were reduced but there were still traces of bloody feces 
like those seen in the parent isolate. Deletion of any stage of the life cycle was 
not confirmed but accelerated growth in second-generation shizogony was found 
in the precocious line. The attempt of introducing fluorescent protein into the 
precocious line of E. tenella was successful as the fluorescence was detected in 
unsporulated oocysts. However, no fluorescent protein was detected in the fully 
sporulated oocyst.   
